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CHAPTER! 
INTRODUCTION AND OBJECTIVES 
1.1 Introduction 
In many places within the U.S. and in other countries, availability of potable water is being 
threatened because development of new water supplies are not keeping pace with the increasing water 
demand of industries and municipalities. This limited supply of potable water may potentially stall 
economic growth and may be available only in restricted amounts for many other uses (Field and Fan, 
1996). In the years ahead, the situation will require creative solutions, new technologies and 
imaginative approaches to water resources management. One approach that may be used is water 
reclamation through the reuse of stormwater. 
Stormwater reclamation may be used as a method to supplement water supply for industry, 
commercial, and nonpotable domestic usage. While much work has been done on the reclamation of 
municipal wastewater effluent for potable and nonpotable usage, very limited information is available 
on the reuse and reclamation of stormwater. Unlike wastewater reclamation where a fairly constant 
supply is available, supply of storm water is very much dependent on the weather conditions. The 
water quality of storm water is highly variable depending on the land use and pollution sources. The 
median biochemical oxygen demand (BOD) and chemical oxygen demand (COD) concentrations of 
the storm water are similar to that of treated effluent from a secondary municipal wastewater treatment 
plant (US EPA, 1992). As such, minimal treatment would be required to meet nonpotable water 
quality requirements. 
1.2 Purpose of Thesis 
The principal purpose of this study was to examine the current information on the issue of 
stormwater reclamation and to assess the economic feasibility of reclaiming storm water for various 
nonpotable uses such as toilet flushing, irrigation, and fire fighting. To accomplish this objective, two 
study areas in the Des Moines, Iowa were selected. The two study areas were the Dean's Lake 
drainage basin and the Easter Lake drainage basin. The approach taken was to use actual study areas, 
rain fall data in those areas in the last ten year, weather conditions and estimated water reuse demand 
to provide realistic cost estimates for stormwater reclamation and reuse. The cost of stormwater 
reclamation was estimated according to individual scenario geographic condition and the quality of 
nonpotable reuse. Several scenarios ranging from a single residential home to a watershed of variable 
zoning as listed below were used to assess the economic feasibility. The scenario were: 
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1. Scenario 1- Individual structures 
a. Residential 
b. Commercial 
c. Institutional 
d. Industrial. 
2. Scenario 2 - Subcatchment in residential area of 5 acres or less. 
3. Scenario 3 -Geographical catchment of 80 to 400 hectares (200 to 1,000 acres) of mixed 
population densities. 
4. Scenario 4- Watershed(> 500 hectares [1,235 acres]) of variable zoning. 
For each of the scenarios, several water reuse options and the quality of water needed were 
included. The water reuse options were: (1) lawn irrigation only (Class C water), (2) irrigation and 
toilet flushing (Class B water), (3) irrigation and fire fighting (Class C water), (4) irrigation, toilet 
flushing, and fire fighting (Class B water), (5) fire fighting only (Class C water), and (6) flood control 
and recreation (aesthetic use). In addition, other storm water reuse such as car washing and industrial 
use were considered for some scenarios with Class B water quality consideration. Class A nonpotable 
water was used for special industrial purposes. Stormwater collection and water treatment plants for 
various scenarios and water reuse options were designed and sized and the costs for these systems were 
estimated. In this thesis, the design and cost of storm water collection system and the storage detention 
basin were obtained from the report by Battelle and ISU (1999). Because ofthe uncertainties 
associated with some of the benefits that may be realized with stormwater reuse, a benefit-cost 
sensitivity analysis was conducted. Variables for the sensitivity analysis included project life, interest 
rates, recreational benefit, cost of potable water, flood control benefits, nonpotable reuse capacity and 
quality of water produced. In addition, a benefit-cost analysis was conducted for some of the scenarios 
by comparing the construction of a reclamation system at a developed and undeveloped area. 
1.3 Thesis Organization 
This thesis consists of 8 chapters. Chapter 1 provides an introduction to the problem and the 
objectives of the study. In Chapter 2, a literature review on the quality ofstormwater, types ofnonpotable 
reuse applications, cost of storm water reclamation, a discussion on the benefits of stormwater reuse, and 
cost-benefit approaches and analysis are presented. Chapter 3 provides a description of the study areas 
and nonpotable water reuse options. Information on the design methods for the stormwater collection 
system and stormwater storage along with design data and methods for the unit treatment processes and 
water distribution system are presented in Chapter 4. The cost and benefits data and information are 
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presented in Chapter 5. In Chapter 5, the dimensions of the collection systems, storage basins, water 
demands, treatment facilities, distribution systems and the user's service connection are presented along 
with the cost of each component. In Chapter 6, the design of stormwater reclamation systems for the 
various scenarios are presented along with the cost and benefits estimates for the storm water reclamation 
system. Chapter 7 provides the benefit-cost analysis of the stormwater reclamation system for the various 
scenarios. Included in this chapter is a sensitivity analysis of various variables that may have an impact 
on the feasibility ofthe reclamation system. A summary of the report and pertinent conclusions are found 
in Chapter 8. An example of the cost estimates workbook, design data and the benefit-cost calculation 
results are presented in the appendices. 
2.1 Introduction 
4 
CHAPTER2 
LITERATURE REVIEW 
While wastewater reclamation has been practiced in the U.S. for over the past several decades, 
significant opportunities for water reclamation still exist. Current use of reclaimed wastewater include 
industrial use, nonpotable domestic usage, and ground water recharge. There are many publications on 
the reuse of municipal wastewater eftluent for potable and nonpotable use. However, very limited 
information is currently available on the reuse of urban stormwater for nonpotable water demands. 
Stormwater washes over urban landscapes collecting pollutants and discharging the pollutants 
to receiving streams. Part of the stormwater will percolate into the ground. This stormwater may be 
collected and reclaimed for nonpotable use. According to Field and Fan (1993) this approach would 
not only benefit municipalities with separate sewer system but also benefit the municipalities with 
combined sewer system by providing upstream storage to reduce the flow into the sewer system. 
This chapter summarized the literature available on the feasibility of reclaiming stormwater by 
using existing stormwater control and treatment technologies. The review included the quality of 
stormwater, a consideration of costs and benefits of stormwater reclamation, types of water reuse 
applications for various nonpotable purposes and the water quality needed for such uses. 
2.2 Stormwater Quality 
The pollutant concentrations in stormwater vary during a storm event as well as from event to 
event at a given site. Furthermore, the water quality varies from site to site within a given city and 
across the country. The variability is the result of variations in rainfall intensity and occurrence, 
geographic features, soil conditions, land use, and atmospheric conditions. Sources of pollutants may 
come from soil erosion, decaying vegetation, industrial activities, emissions from transportation, and 
general litter. Because of the tremendous diversity in pollution sources and land use, the quality ofthe 
runoff is highly variable. The average water quality of typical urban stormwater is presented in Table 
2.1. The BOD and COD are typically low while the suspended solids may be as high as 300 mg!L. In 
some hightly industrialized areas, the contaminant concentrations such as phosphorus and heavy 
metals were significantly higher than in residential areas (US EPA, 1982). 
5 
Table 2.1 Water Quality Characteristics of Urban Runoff (US EPA, 1982) 
Parameters Site Median Event Mean Concentrations (EMCs) 
Urban Site- Median 
TSS (mg/L) 
BOD(mg/L) 
COD(mg/L) 
Total P (mg/L) 
Soluble P (mg/L) 
TKN (mg/L) 
N02- + N03--N (mg/L) 
Total Cu (J.!g/L) 
Total Ph (J.!g/L) 
Total Zn (J.!g/L) 
Total Coliform* 
Fecal Coliform* 
*From Makepeace et al. (1995) 
N/ A -not available 
2.3 Types of Reuse Application 
100 
9 
65 
0.33 
0.12 
1.50 
0.68 
34 
144 
160 
1.8 X 107 
1.9x106 
Urban Site- 90th Percentile 
300 
15 
140 
0.70 
0.21 
3.30 
1.75 
93 
350 
500 
N/A 
N/A 
Reclaimed stormwater may be used for many nonpotable purposes. Both the quantity and 
quality of the water must be considered for each reuse application including any special considerations 
necessary when reclaimed water is substituted for potable drinking water. Urban reuse of reclaimed 
stormwater may be for the following purposes: irrigation, industrial and commercial uses, fire fighting, 
and toilet flushing (US EPA, 1992; Okun, 1997). 
Storm water can be substituted for potable water for irrigation of public parks and recreation 
areas such as athletic fields, school yards, golf courses, landscaped areas and areas around public 
buildings, residential homes, and commercial and industrial buildings. Reclaimed stormwater may be 
used for vehicle washing facilities, window washing, dust control, concrete production on construction 
projects, fire protection, air conditioning and other miscellaneous commercial uses. In residential 
homes, commercial and industrial buildings, reclaimed stormwater may be used for toilet flushing. 
Fire fighting may be a potential application of reclaimed water from storm water. In relation to 
the total amount of water used, the amounffor fire fighting is relatively small (Okun, 1997). However, 
use of reclaimed water for fire fighting would allow potable water lines to be sized for potable needs 
rather than the greater flows needed to fight fires (Okun, 1997). The savings in installing a smaller 
size system for potable use can be used to pay for the conveyance system for reclaimed water. 
Industrial uses ofthe total water demand in the U.S. in 1985 were approximately 8%. 
However, in some states, industrial water use may be as much as 43% of the state's total water 
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demand. Reclaimed water may be used by industries for processes that do not require water of potable 
quality. Industrial reuses of reclaimed water included: evaporative cooling water, boiler-feed water, 
and process water. 
Use of reclaimed water as industrial process water is dependent on the particular use and 
manufacturing process. Industries frequently have large demands for process water which varies in 
quality from low to quality higher than potable water depending on the industry and the process 
employed. Water quality may range from highly pure water as in electronics industries to relatively 
poor quality as in the tanning and hide industries. Industries such as pulp and paper mills, steel 
manufacture, and textiles industries have used reclaimed water (Okun, 1997). 
Agricultural irrigation was estimated to be approximately 40% of the total water demand in the 
U.S. (Solley et al., 1988). Water for irrigation in western states such as California, Idaho, Colorado, 
and Montana may account for as much as 90% of their total water demand. About 605 million acres 
ofthe 3.6 billion acres of agricultural production land are irrigated (Pair et al., 1983). Irrigation uses 
about 137 billion gallons of water out of340 billion gallons consumed per day in the U.S. 
The breakdown of a typical residential water usage is as follows: bathing 23%; cooking and 
drinking 3%; laundry and dishes 14%; toilet flushing 28%; and outdoor uses 32% (Mallory, 1973). 
The water quality for activities such as toilet flushing and outdoor uses can be of lesser quality than 
potable water. However, a dual distribution system is needed to deliver the water of lesser quality to 
the point of usage. For example, seawater for toilet flushing is used in commercial and multifamily 
residential buildings in Hong Kong (Okun, 1997) while canal water from stormwater runoffs is used in 
Cape Coral, FL (Godman and Kuyk, 1997). 
2.4 Water Quality Requirements 
There are no national standards and regulations with regards to the water quality needed for 
reuse of reclaimed water. Several states have their own regulations and standards. States with their 
own regulations are summarized in the Guidelines for Water Reuse document by US EPA (1992). 
This document provides suggested guidelines on the water quality requirements for water reclamation 
and reuse for various applications. 
The suggested water quality requirements for urban reuse are presented in Table 2.2. It should 
be noted that the water quality of stormwater runoffs (see Table 2.1) is relatively close to the water 
quality requirements listed in Table 2.2 for urban reuse. The suggested water quality requirements 
may be achieved with minimal treatment such as filtration and disinfection. 
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Table 2.2 Suggested Guidelines for Water Reuse (US EPA, 1992) 
Types of Reuse Treatment Reclaimed Setback Comments 
~ater~uali~ Distances 
Urban reuse 50ft (15m) to At controlled-access irrigation sites where 
All types of 
Secondary pH=6-9 potable water design and operational measures 
supply wells significantly reduce the potential of public 
landscape Filtration :S !Omg!LBOD contact with reclaimed water, a lower level 
irrigation, also 
of treatment, e.g., secondary treatment and 
Disinfection :S2NTU disinfection to achieve :::;14 fecal coli/100 
vehicle washing, rnL, may be appropriate 
toilet flushing, 
No detectable 
fecal coli/100 ml Chemical (coagulant and/or polymer) 
use in fire addition prior to infiltration may be 
protection I mg!LCh 
necessary to meet water quality 
residual (min.) recommendations. 
systems, and 
other uses with The reclaimed water should not contain 
measurable levels of pathogens. 
similar access or 
exposure to the 
Reclaimed water should be clear, odorless, 
and contain no substances that are toxic 
water upon ingestion. 
2.5 Cost Consideration of Stormwater Reclamation 
Cost of storm water reclamation includes the cost of collection and storage, cost of treatment 
facility, cost of distribution, and the user's service connection to the specific user. The capital costs for 
implementation would be substantial but may be minimized by judicious allocation of costs with 
drinking water, wastewater treatment, and stormwater management requirements. Opportunities exist 
for the integration ofthe costs and fmancing ofstormwater reuse with reduction in demands on the 
drinking water system and effluent quality goals for wastewater and stormwater effluents. Operation 
and maintenance (O&M), and replacement and administration costs must also be included in the net 
annualized costs. The annual costs may be. allocated to the costs per unit volume (reclaimed water 
rate), a fixed monthly fee, or other fixed types of assessment. Typical analytical tools for making these 
types of decisions have been summarized in "Guidelines for Water Reuse" (US EPA, 1992). 
Functional cost of service components for a potable/nonpotable water system would include: 
• Source of supply: O&M and capital costs associated with the source of supply (fresh, reclaimed 
stormwater or wastewater, reservoir or storage costs, water rights purchases, etc.) 
• Pumping and conveyance costs: costs of collecting and conveying the storm water from its 
source and getting it to a point of treatment (gravity flow piping, open channels, pumping, 
force mains, etc.) 
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• Treatment: costs associated with treating the stonnwater to a water quality suitable for the 
end user. 
• Transmission: costs associated with transporting the treated stonnwater from the point of 
treatment through a main piping to major locations within the service area. (High service 
pump stations, etc.) 
• Distribution: Costs associated with the smaller local service distribution mains to specific 
locations within the service area; treated water storage costs would be included here; for dual 
distribution systems, the costs of the additional piping system (materials/construction), 
meters, installation and testing of backflow protection devices, etc. 
• Billing and collection: meter reading, billing, and processing 
• Customer service: administration of customer accounts, complaints, inquiries. 
• Accounting and finance: administrative costs for accounting, investment processing, etc. 
• Administration: overhead cost for managing the reuse program. 
A cost analysis of the reuse and reclamation of urban stonnwater was prepared by Field et al., 
(1996). The paper illustrated the cost feasibility of reclaiming urban storm water for a hypothetical 
industrial nonpotable supply. Class A, Band C water represent decreasing levels of water quality 
based on end use. Treatment systems required to achieve water quality classification are shown on 
Table 2.3. A summary of the costs for various treatment and process technologies is provided in Table 
2.4. According to Field et al., (1996), costs of reclamation of Class B and Class C water were lower 
than the cost of potable water supply (Table 2.4). However, the cost analysis did not include the cost 
of dual distribution piping or retrofit costs at the end user facilities. 
Table 2.3 Treatment System Required to Achieve Water Quality Classification for 
Reused Applications (Field and Fan, 1996) 
Water Quality Suggested Treatment Reuse Application 
Classification 
Class A Screening ---; Filtration ---; Carbon Adsorption ---; Disinfection Industrial process supply 
Class B Screening ---; Filtration ---; Disinfection Industrial cooling, toilet flushing, 
recreational water for fishing 
Class C Screening ---; Disinfection Lawn irrigation, fire protection, 
and industrial washing 
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Table 2.4 Capital and Annual Costs for Urban Stormwater Treatment 
(Hypothetical Case Study); (Field and Fan, 1996) 
Process/ Capital Cost, Annual Cost, ($) 
Equipment ($) 
Amortization* O&M Total 
Flow control/ 
treatment 
Storage basin 3,600,000 396,000 10,000 406,000 
High-rate 166,000 18,000 117,000 135,000 
disinfection units 
Class A, B, & C 
Pump station 975,000 107,000 90,000 197,000 
Fine screening 208,000 23,000 25,000 48,000 
Class A & B 
High-rate 1,200,000 132,000 36,000 168,000 
filtration units 
Chemical feed 
equipment& 224,000 25,000 100,000 125,000 
building 
Class A 
Carbon columns 1,300,000 143,000 90,000 233,000 
Disinfectant feed 120,000 13,000 100,000 113,000 
system 
* ProJect hfe = 25 yr; Interest rate = I 0% 
2.6 Benefits Consideration of Stormwater Reclamation 
Benefits are net increases in the value of goods and services that result from the implementation 
of a project as compared to conditions without the project. Benefits are both tangible and intangible. 
Tangible benefits are those that can be expressed in monetary units either derived from revenue 
projections or the cost of alternative means to produce equivalent results. Intangible benefits are those 
that can not be measured in monetary units. Some benefits are measured directly in terms of the 
quantity of water such as flood control, water supply saving, navigation, and recreational value. 
Usually, these benefits are converted into monetary units. However, there are some nonmonetary 
benefits associated with public health and wildlife, which are difficult to quantifY. These may create 
some constraints on achieving a design with maximum benefits or minimum costs. Some of the 
common benefits for stormwater reclamation are: 
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• Flood control: A flow of specified magnitude establishes the flood elevation. If this flood 
elevation is exceeded and protection is not provided for domestic, commercial, and industrial 
property, a monetary loss will result. This monetary loss is one measure of the benefit 
resulting from flood control. 
• Municipal water supply saving: Consumer group such as homeowners and industry pay for 
water. The price per quantity used may vary with the amount used and on its availability. The 
monetary gains from the saving potable water is one measure of the benefit resulting from the 
water supply saving. 
• Irrigation: Similar to municipal water supply saving, the price for irrigation water is 
established based on the geographical location. Market forces, which establish type of 
agricultural activity and yield help determine the price, an activity is willing to pay for water. 
• Recreation: Many of recreation benefits are intangible, but methods to quantity the monetary 
value have been attempted. The benefit may be expressed as the number of recreation day or 
visit (Ochs and Thorn, 1984) 
• Water quality: Erosion control and public health improve with improved water quality through 
reduction of the mass of pollution. The net benefits are in general measured by the cost 
associated with the avoidance of adverse effects. 
2. 7 Benefit-Cost Analysis 
The benefit-cost analyses are performed after the feasible alternatives have been selected. The 
benefits and economic impacts to the various end-user groups (residential, commercial, industrial, and 
agricultural) should be assessed. This step in the analysis links the marketability of water reuse in 
comparison to alternative or traditional sources of water based on the end use. The cost of supplying 
reclaimed water may be compared to the available potable water rate. The present worth of the 
benefits are compared with the present worth of costs to determine whether the project is feasible. An 
economic analysis considers only the future flow of resources invested or derived from a project. 
Previous (sunk) costs are not considered in the analysis of future expenditures. 
Cost of storm water reuse should be compared to the cost of developing alternative sources of 
water or the current price of potable water. The price of water reflects the current market value for the 
water and consists of both current and previous expenditures to provide water service (production cost, 
distribution, storage, etc.) as well as the fixed costs of management and administration. Using this 
approach will help to support a realistic cost-effective analysis of the stormwater reuse alternative. The 
benefit-cost analysis examines the question - should the reuse project be constructed? 
In stormwater reclamation projects, the cost-effectiveness and benefit-cost analysis, require a 
great deal of planning and careful consideration. The planning and analysis for developing a project 
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for beneficial use of reclaimed stormwater or wastewater will most certainly become a multi-
jurisdictional and multi-utility process. The public works department, water utility, and wastewater 
treatment facility are often segregated by divisions within the local government with each having a 
specific mission and tasks associated with providing services to their customers. The public works 
department while focusing on a stormwater management issue might not routinely consider the multi-
purpose benefits of including the water or wastewater utility in the solution of the problem. 
A multi-level approach to planning, market assessment, and cost-effectiveness and benefit-cost 
analysis will increase the success of the project. A detailed discussion of planning considerations, 
economic analysis, and fmancial analysis for water reuse projects was completed by Asano and Mills 
(1990). Market assessment can play a key role in determining the feasibility of a project and special 
effort should be made to involve end-users in the analysis process. The issues of water quality, water 
price, conversion to reclaimed water costs, reliability of supply and liability are major concerns to the 
end user. A rough summary of costs and benefits for stormwater reclamation is shown on Table 2.5. 
Table 2.5 Summary of Costs and Benefits for Stormwater Reuse 
Category Component Description 
Capital cost of water Source, collection and conveyence, storage, 
Project Costs supply system . treatment, and distribution (pumping and piping 
or transporting) 
Operation and Annual or daily cost 
maintenance 
Miscellaneous Administration, management, marketing, and 
customer service 
Project Benefits Water reuse/saving Value of water reused equivalent to that of saved 
potable water 
Water pollution control Equivalent cost savings for pollution control and 
ecological preservation 
Drainage, flood, and Reduction in cost of flood control or drainage 
erosion control system due to attenuation of peak flow during 
runoff events 
Recreational value The value of creation of aesthetic ponds 
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The role of economic analysis is to provide a basis for justifYing a stormwater reuse project in 
monetary terms. A project is considered justified if its total benefits exceed its total costs. An 
important aspect of the economic analysis is that it takes into consideration all costs and benefits 
associated with the alternatives. Although the benefit-to-cost ratio is a common measure of economic 
justification, it is not the best measure with which to determine the optimum project size. 
Optimization through benefit-cost comparison for all options is needed to determine the best size of a 
stormwater reuse system. The reclamation system developed by Mallory and Boland (1970) and by 
Field and Fan (1996) had shown the economic feasibility and optimization of the design of a 
stormwater reuse system. 
2.8 Summary 
Based on this literature review, previous studies of hypothetical cases or simulations have 
indicated that stormwater reclamation and reuse is economically feasible as well as technically 
feasible. It is important to remember that a project that appears to economically feasible may not be 
financially justified based on local site specific constraints (i.e., competing water rates, insufficient 
users, etc.) However, there has been no information available on a complete economic analysis or 
benefit-cost comparison to support the conclusion, especially for a large-scale real-world case, 
although some reuse systems and demonstration projects have been documented. A systematic and 
comprehensive economic analysis is necessary in order to determine the economic feasibility of 
stormwater reuse. 
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CHAPTER3 
DESCRIPTION OF STUDY AREAS AND SCENARIOS 
3.1 Study Areas: Dean's Lake and Easter Lake Drainage Basins, Des Moines, Iowa 
The City of Des Moines (DSM) metropolitan area has a population of around 400,000. DSM 
is a mid-size city with characteristics similar to those of most of the cities in the United States. The 
older and central part of DSM is served partially by a combined sewer system, but all new 
developments have separate stormwater and sanitary sewers. The last combined sewers were installed 
in the 1920s. A stormwater utility was formally established in 1994. The Storm Water Utility is a 
division of the City Engineering Department. The city has mapped out the various stormwater 
drainage basins within the city boundaries. Figure 3.1 provides a summary of the various drainage 
basin areas in the City ofDSM. Two drainage basins within DSM were selected for this study. These 
two areas are the Dean's Lake drainage basin located on the east-central part ofDSM and the Easter 
Lake drainage basin on the southeast edge of DSM. 
The Dean's Lake watershed comprises about 810 hectares (~2,000 acres) with a drainage 
length of3.88 miles from the outlet ofDean's Lake to the upper end of the watershed. Dean's Lake is a 
series of five connected lakes that empty into the Des Moines River. The Dean's Lake area is fully 
developed with various types ofland use including residential, industrial, commercial, and 
institutional. The portion of the Dean's Lake drainage basin used for this study is bounded by Aurora 
Avenue on the north, University Avenue on the south, E. 14th Street on the west, and Interstate 235 on 
the east. Part of the northeastern portion of the study area includes the 7th Ward drainage area. The 
total drainage area is approximately 73 0 hectares ( ~ 1,800 acres). The Dean's Lake area has four 
detention ponds for flood control purposes. A comprehensive stormwater study was conducted in 
1984 for this drainage basin (Brice, Petrides and Donohue, Inc., 1984). 
The land within the Easter Lake basin was annexed in 1988 into the City of DSM to allow the 
city to manage and plan the orderly residential and commercial development of the area. A 
comprehensive stormwater study and master plan has been completed for the Easter Lake basin 
(Snyder and Associates, Inc., 1994). The Easter Lake basin has a total drainage area of2,630 hectares 
(~,500 acres) and is served by two sub-basins: the Yeader Creek basin and the southern drainage 
basin which is under development as a residential area. The southern drainage basin (identified as 
Easter Lake) was selected as the study area because the master plan provided for orderly land 
development and stormwater master planning. 
The portion of the Easter Lake drainage area used for this study is bounded by Payton A venue 
on the north, Pine Avenue on the south, Indianola Avenue on the west, and 36th Street on the east. 
The total drainage area for this study area is 879 acres ( ~ 3 56 hectares). In this study area, a series of 
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Figure 3.1 Map of Des Moines Showing the Various Stormwater Catchment Basins 
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nine runoff catchment ponds were recommended and three retention ponds were constructed in 1997. 
Three additional ponds are under construction. These ponds were/are being constructed as water 
detention ponds and will operate with fixed water-level elevations. In this manner, the developments 
were integrated around the stormwater ponds for both aesthetics and erosion control. This study area 
is ideal for examining the reuse of storm water for irrigation, and possibly other nonpotable uses such 
as toilet flushing and fire protection. Because the study area was developed around the stormwater 
detention ponds, this area would address the cost viability of constructing a storm water reclamation 
system for a new development. 
Scenarios 1 and 4 were drawn from the Dean's Lake drainage basin. Scenarios 2 and 3 were 
drawn from the Easter Lake drainage basin. 
3.2 Scenarios 
The various scenarios and their corresponding sites are as follows: 
1. Scenario 1 - Individual Structure (Residential) 
Location/site: Typical single family house in Dean's Lake drainage basin, Des 
Moines, Iowa. 
Characteristics: Residential, 2,000 tY of living area with 2\11 baths, and 2-car garage 
on about 1!4 acre of property. 
2. Scenario 1 -Individual Structure (Institutional) 
Location/Site: Evangelical Retirement Home, Guthrie Ave., Des Moines, Iowa 
(within the 7th Ward drainage basin, next to Dean's Lake drainage 
basin). 
Characteristics: Two- to four-story apartment buildings with adequate landscaped 
area. Land area approximately 19 acres. 
3. Scenario 1- Individual Structure (Commercial) 
Location/Site Eastgate Shopping Plaza, at the junction of E. Euclid and E. 14th 
Street, Des Moines, Iowa (within the Dean's Lake drainage basin). 
Characteristics: Commercial -- typical shopping plaza with several businesses 
including dining facilities, car repair shops, offices, and car wash, and 
adequate parking spaces. Land area approximately 48 acres. 
4. Scenario 1 -Individual Structure (Industrial) 
Location/Site: Soybean oil refining facility, Hull Ave., Des Moines, Iowa 
(within the Dean's Lake drainage basin). 
Characteristics: Industrial, agriculture-based industry, oil refining from soybeans. 
Land area approximately 58 acres. 
5. Scenario 2- Subcatchment Residential Area (5 acres or less) 
Location/Site: Three Lakes Estates, Des Moines, Iowa (on the southern part of Des 
Moines, part of the Easter Lake drainage basin). 
Characteristics: Residential, single-family homes. Land area approximately 5 acres. 
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6. Scenario 3-Residential (Mixed Population Densities) 
Location/Site: Easter Lake development, Des Moines, Iowa (within the Easter Lake 
drainage basin). 
Characteristics: Residential with mixed population density. The area consists of 510 
single-family homes of lf.l- to -acre lots, 66 single-family homes of2-
to 5- acre lots, and 32 apartment buildings with 12 to 24 apartments 
per building. This site has nine detention ponds for flood control, 
aesthetics, and recreational use. Land area approximately 879 acres. 
7. Scenario 4- Watershed With Variable Zoning 
Location/Site: Dean's Lake catchment basin, Des Moines, Iowa. 
Characteristics: Variable zoning, industrial, residential (medium to high density), 
institutional (retirement homes), and commercial. Land area 
approximately 1 ,800 acres. 
3.3 Water Quality Classification and Water Reuse Options 
A typical flow diagram for the treatment of storm water for different classes of water is shown 
in Figure 3.2. Each treatment system produces a different degree of eftluent water quality. Class A is 
intended for routine industrial process supply with low residual organic requirements. Class B may be 
used for industrial cooling, and toilet flushing. Class C is intended for lawn irrigation, fire protection, 
and washing in some industrial facilities (Field and Fan, 1996). 
Six nonpotable water reuse options were considered in this study. Except for Scenario 1, all 
six options were included in the various scenarios to assess the feasibility of storm water reclamation. 
Each water reuse option would require a certain class of water. Class C water may be used for option 
1, 3 and 5 while Class B water may be used for all options which included toilet flushing (option 2 and 
4). Table 3.1 provides the list of reuse options and the scenarios in which the options were included in 
the study along with the classes of water quality for that option. In Scenario 4 for options 1 through 4, 
the nonpotable water demand included reuse of nonpotable water for commercial and industrial uses in 
addition to the water reuse specified for that option. 
Storage/Detention 
Basin I _. I Screening 1 .,_ 1 - 1 Disinfection 
Disinfection 
Disinfection 
Water Quality 
Classification 
Class A 
Class B 
Class C 
Figure 3.2 Typical Process Flow Diagram for the Production of Various Classes ofNonpotable Water 
-J 
18 
Table 3.1 List of Water Reuse Options 
Reuse Option! Scenario 1 Scenario Scenario Scenario 
Water Quality 2 3 4t 
Classification Individual Institutional Commercial Industrial~ 
Home * 
I. Irrigation only X X 0 0 X X X 
Class C 
2. Irrigation and X X 0 0 X X X 
toilet flushing 
Class B 
3. Irrigation and 0 X 0 0 X X X 
fire fighting 
Class C 
4. Irrigation, 0 X 0 0 X X X 
toilet flushing 
and fire fighting 
Class B 
5. Fire fighting only 0 X 0 0 X X X 
Class C 
6. Recreational/ 0 X 0 0 X X X 
flood control 
* reuse of nonpotable water for car washmg only and water quality may be from Class A to B 
~reuse ofnonpotable water for industrial purposes such as washing of materials and cooling water and water 
quality may ranged from Class A to C 
tin Scenario 4, option 1 -4 included reuse ofnonpotable water for commercial and industrial uses. 
X - included in the study 
0 - not included in the study 
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CHAPTER4 
BASIS FOR DESIGN: DESIGN METHODS, DATA, AND PROCEDURES 
4.1 Overview of Stormwater Reuse System 
The various components of a storm water reuse system include stormwater runoff collection, 
storm water detention ponds, treatment, storage of treated water and distribution. A storm water reuse 
scheme may be designed for (1) flood control and reuse, or (2) reuse only. To design a storage basin 
for a stormwater flood control and reuse storage system, a sufficient storage volume is sized to meet 
both flood control and reuse demand. The excess stormwater will be retained temporarily in the basin 
and discharged at a fixed rate over time (Figure 4.1 ). If the basin was design for a reuse only, the 
storage volume is sized to meet the reuse demand only. Excess stormwater after filling the reuse 
volume becomes overflow to surface stormwater drainage (Figure 4.2). In this report, the terms, 
stormwater storage basin and retention ponds, have the same meaning. 
The design for a stormwater collection system for flood control and reuse was obtained from 
the report by Battelle and ISU (1999). The approach used was to provide water for reuse all year 
round. The sizing of the stormwater retention ponds assumed adequate nonpotable water supply for 
continuous use. Similarly, the treatment plants for each scenario were sized to provide continuous 
supply for reuse purposes. Presented in this section are the design approach used by Battelle and ISU 
for the estimation of stormwater runoff, design of the stormwater collection system, and stormwater 
retention ponds. Design data and information for the unit treatment processes, treated water storage 
tank, and nonpotable water distribution system are also presented. 
4.2 Design of Stormwater Collection System 
In this thesis, the design of collection system was obtained from the stormwater reuse report 
(Battelle and ISU, 1999). The stormwater collection system may be designed to handle flows for flood 
control or flows needed to meet the demand for reuse. The design of the stormwater collection system 
involved the estimation of the quantity of stormwater runoff and the establishment of the collection 
system capacity to convey this quantity. The peak flow for flood control was calculated by the 
Rational Method (Gupta, 1989). 
4.3 Design of Stormwater Storage Basin 
The stormwater storage volume for flood control and reuse and for reuse only were obtained 
from the stormwater reuse report (Battelle and ISU, 1999). Stormwater storage facilities may function 
as multiple purpose reservoirs for water quality control, water supply, reuse, and flood control. In this 
EXCESS RAINFALL 
PRECIPITATION 
GROUNDWATER 
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Figure 4.1 Schematic of a Stormwater Flood Control and Reuse Basin 
(Battelle and ISU, 1999) 
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Figure 4.2 Schematic of a Storm water Reuse Basin Only 
(Battelle and ISU, 1999) 
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study, the volumes of the stormwater detention pond for both flood control and for reuse were 
estimated. The larger volume of the two estimated volumes was selected for design and construction. 
Both volumes were needed for the benefit-cost analysis of storm water reuse. 
The volume of the stormwater detention pond for flood control was estimated by using a 
simplified approach based on the Rational Method. The detention pond was designed for a 1 00-year 
storm such that the flow to be released from the pond (i.e., after the development of the site) must not 
be greater than the 2-year peak flow. The volume of the stormwater detention pond for reuse purposes 
was determined using the Mass Diagram or Rippl Method, which is a common approach for water 
supply reservoir sizing (Gupta, 1989). Graphically, this method examined the cumulative surplus or 
deficit from the plot of the cumulative of storm water runoff against the cumulative reuse demand. 
After the storage volumes were determined, the surface area and depth of the pond were 
selected. The surface area is governed by site conditions and land availability. Based on existing pond 
dimensions (Brice, Petrides and Donohue, Inc., 1984), the average surface area to depth ratio was 
approximately 2.8. This ratio may be used for the design of the ponds (Battelle and ISU, 1999). For a 
selected area, the depth was determined from the volume or for a selected depth, the area was 
calculated from the volume. To accommodate the reuse treatment plant and pumping station, 50% of 
the pond area was added to the land use. 
4.4 Design Approach For Nonpotable Water Treatment System 
Treatment of storm water for reuse purposes is dependent on the water quality of the collected 
storm water and the water quality needed for reuse. The water quality of a typical urban storm water 
runoffwas presented earlier in Chapter 2, Table 2.1. In general, the median BOD ofurban stormwater 
is low at about 9 mg/L while the median total suspended solids concentration is approximately 100 
mg/L with a 95th percentile value of 300 mg/L. Of concern, is the total suspended solids which must 
be removed. Certain level of water quality improvement may be realized through natural physical and 
biological processes in the retention pond. As a result of sedimentation in the storage pond, the water 
quality in the pond is expected to have a median suspended solids of 50 mg/L, and water turbidity in 
the range of 10-40 Nephelometry Turbidity Units (NTU). Due to biological growth such as algae, the 
BOD may increase slightly. 
The recommended water quality for nonpotable water reuse is presented in Chapter 2, Table 
2.2. For urban reuse such as landscape irrigation and toilet flushing, a water quality with a BOD less 
than 10 mg/L and no detectable fecal coliform was recommended. The water quality needed for each 
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reuse option will dictate the treatment unit processes needed. The recommended treatment for urban 
reuse is filtration and disinfection. The proposed treatment processes needed to meet the water quality 
for each reuse option is summarized in Table 4.1. 
The design of all treatment units, except for the treated water storage tank and the high service 
pumps, were based on the peak day demand flow rate. The peak day demand rate is defined as the 
average rate of consumption on the maximum day. The maximum day is the 24-hour period where the 
highest total consumption was recorded in the latest or preceding year. When the maximum daily 
consumption is not available, the peak day demand rate may be estimated by multiplying the annual 
average day demand by a peak factor (PF). The PF used in the design ranged from 1.5 to 2.5 (Smith, 
1993). Generally, the larger the community, the lower is the PF value. For commercial and industrial 
sectors, the actual usage trends should be examined to determine appropriate peak factors. 
The raw water intake pumps were sized to meet the peak day demand rate with a total dynamic 
head (TDH) of 50 ft. The TDH was needed to overcome the total static head and fiction head loss 
throughout the screen, filters and other devices. 
The microscreen device were selected based on the flow rates specified by the manufacturer, 
Miller-Leaman, Inc., Daytona Beach, FL. The microscreen devices had a screen opening of between 
50 and 100 microns. 
Pressure filters containing 3 0 inches of dual media depth (silica sand and anthracite), operating 
at loading rate of 5 gpm/ft2 were used for the filtration system. For the filtration system, an extra 
pressure filter was allowed as a backup unit. For small systems, i.e., with two pressure filters, only one 
filter backwash pump was provided. For larger systems with more than two pressure filters, two 
backwash pumps were provided. Backwash pumps was selected based on a backwash rate of 15 - 20 
gpm/ft2• Backwash water was obtained from the treated water storage tank. Waste backwash water 
was discharged to the local sanitary sewer. 
The role of the carbon adsorption is to removed dilute soluble refractory, or residual organics, 
from the filtered water. Similar to pressure filters, pressure carbon columns were operated at loading 
rate of5 gpm/~. Exhausted carbon was removed from the bottom ofthe columns and an equivalent 
quantity of fresh, or generated carbon is added to the top of columns. 
The filtered water was disinfected using sodium hypochlorite at a target dosage concentration 
of 5 mg/L as free chlorine. To ensure simplicity in the system, sodium hypochlorite solution was 
stored in a polyethylene storage tank at 15% NaOCl solution. The 15% feed solution was transferred 
to a day tank, and then pumped by a diaphragm-metering pump to the point of application. 
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Table 4.1 Proposed Treatment Process Units for Various Reuse Purposes 
Reuse Purpose 
Treatment Units 
Raw water intake and 
pumps 
Microscreening 
Pressure filtration 
Carbon adsorption 
Hypochlorite 
disinfection 
Treated water storage 
High service pumps 
X - included, 0 - not included 
* not required for Class C 
**for Class A only 
Irrigation Toilet Flushing 
Class C Class B 
X X 
X X 
0 X 
0 0 
X X 
X X 
X X 
4.5 Design of Nonpotable Water Distribution System 
Fire-Fighting Commercial and 
Class C Industrial 
Class A, B, or C 
X X 
X X 
0 X* 
0 X** 
X X 
X X 
X X 
The treated water storage tank provides sufficient volume to meet the peak hour demands. 
This tank receives the filtered water and provides the supply to the high service pumps. The peak hour 
demand rate and the peak day demand rate are needed to estimate the volume of the treated water 
storage tank. The peak hour demand rate was estimated by multiplying the annual average day 
demand with a PF. The PFs used to compute the peak hour demand were 6 for Scenario 1, 5 for 
Scenario 2 and peak factors of 7 and 4 were used for Scenario 3, and 4, respectively. The estimated 
volume of the treated storage tank is given by the difference between the peak hour demand rate and 
the peak day demand rate multiplied by 120 minutes of retention time. 
The high service pumps were sized according to the peak hour demand rate and the pressure 
required for distribution system. When the reuse option includes fire fighting, an additional storage 
volume of 60,000 gallons and a minimum high service pump capacity of 500 gpm at a minimum TDH 
to overcome head losses through the system and meet the 20 psig criterion at the fire hydrants. 
For the nonpotable water distribution system, water was assumed to be provided continuously 
on demand for a reuse option at a given minimum pressure of35 psig and the quality of the water was 
maintained during delivery. For a given study area, the nonpotable water distribution was placed along 
the curb line of new or existing roads and the municipality right-of-way within the development. The 
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total length ofthe distribution system piping was estimated from the base maps using AutoCAD 14. 
For the reuse options of irrigation only and irrigation and toilet flushing, the EPANET software 
(Rossman, 1994) was used to estimate the appropriate diameter of the distribution pipes needed to 
satisfy peak hourly demand. EP ANET is a computer program that estimates flow in each pipe and the 
pressure at each node of the distribution network. The initial flow rate, elevation, pipe length and 
diameter, and the friction coefficients must be specified in EP ANET input file. A desired pressure 
range of35 psig (minimum) and 90 psig (maximum) was used in the sizing of the distribution system. 
The distribution system includes the necessary valves, meters and appurtenances required. The 
distribution will be identified with purple color and yellow tape marking at access points. For the 
water distribution system, American Water Work Association (A WW A), C900, class 150, SDR18 
polyvinyl chloride (PVC) pipe was used. The system was assumed to be installed at a sufficient depth 
to avoid frost in the winter month. In Iowa (upper Midwest) area, the standard minimum depth is 60 
inches below the ground surface. The hydro-pneumatic tank volume was sized by allowing a 15 
minutes detention time at a flow rate equivalent to the high service pump flow rates. 
If fire fighting was included, a minimum pipe diameter of 8 inches was used to accommodate 
the higher flows during a fire event. Fire hydrants were located within 600-800 feet of each other 
along the streets to ensure availability of water for fire protection (Smith, 1993). To accomodate fire 
flows, an additional storage volume of 60,000 gallons was added to the treated water storage tank and 
the high service pumps were sized to handle a flow of 500 gpm. 
4.6 User's Service Connection 
The nonpotable service connections were assumed to be similar to potable water service lines. 
For residential connections, 1 inch copper (Type K) was used to connect the main tap to the curb box 
valve at the property line. The length of the pipe from the curb box to the water meter located in the 
basement of the house was assumed to be approximately 40 feet in length of 1 inch copper pipe (PVC 
could be used as alternate). For a typical one-family home with three bedrooms, 40ft of\12 inch 
copper pipe (Type M) was assumed for internal plumbing from the water meter to the toilets. Ten feet 
of 3/4 inch copper (type M) irrigation service point located on the outside of the house (A WW A, 
1996). For apartments other than a typical one family home, 400 ft of copper pipe for each apartment 
block with 10 apartments per block was assumed. The internal nonpotable water plumbing will be 
identified with purple and yellow marking tape and the words "nonpotable- do not drink". 
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CHAPTERS 
COST AND BENEFITS INFORMATION 
5.1 Introduction 
The cost of the various components for a stormwater reclamation system consists of two parts: 
capital cost and operational and maintenance (O&M) cost. The capital cost consists of materials, 
labor, contractor's overhead and profit, administrative, legal and engineering cost and interest 
payments for the project. The O&M cost consists of energy cost, maintenance material cost and labor 
cost. Most of the cost data were obtained from Means (1998), Gumerman et al., (1979), and actual 
cost data from the city of Des Moines. The above cost data were used for all scenarios except Scenario 
1-Individual Structure (residential) where cost information were obtained from the local hardware 
store. To update the cost to current cost, the Engineering News Record Construction Cost Index 
(abbreviated as ENR) was used. The current capital cost was estimated by equation below: 
Current Capital Cost = Total Capital Cost for month ofYear 19YY 
x (ENR for current month and year I ENR for month of Year 19YY) (5.1) 
The O&M cost may be updated in a similar manner. The capital and 0 & M costs for the 
treatment processes were obtained from Gumerman et al. ( 1979) which were for the month of October 
1978. The ENR index for October 1978 was 2851 while the current ENR index for August 1998 was 
5929. After the capital cost was determined, the annualized cost of the reuse system was computed 
using the following equation: 
where Cca= 
Cct= 
a= 
t= 
n= 
annualized capital cost 
total present worth capital cost 
capital recovery= i/[1-{1/(l+i)}] 
annual interest rate 
period of amortization 
5.2 Stormwater Collection Cost 
(5.2) 
The capital cost of a stormwater collection system consists of the storm sewer construction 
cost; manhole/inlet cost; site work and piping cost; administration, legal and engineering cost; and 
interest payments during construction. The total capital cost along with the annual O&M cost for 
collection system were obtained from the stormwater reclamation report (Battelle and ISU, 1999). 
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5.3 Storage Basin Cost 
The cost of storage basins used in this report were obtained from the storm water reclaimation 
report (Battelle and ISU, 1999). Several kinds of storage facilities, such as above grade and below 
grade concrete tanks, above grade and below grade steel tanks and open ponds may be used as 
retention ponds. The open pond was selected as the storage facility for all scenarios except for 
Scenario 1 - Individual structure (residential). Costs of storm water storage are highly dependent on 
the location, land, type of structure and construction material ofthe storage facility. The construction 
cost of a stormwater detention/storage pond included site preparation cost, excavation, construction 
and erection cost. Land cost was considered separately and was not included in the storage capital 
cost. O&M cost included labor and expenses for routine check, trash removal, sediment removal and 
repairs necessary to operate over the economic life of the project. 
5.4 Water Treatment Unit Processes Cost 
All water treatment unit process cost data were obtained from Gumerman et al. (1979) unless 
stated otherwise. Based on the cost data, polynomial regression analyses were used to derive capital 
and O&M cost curves for individual treatment unit processes. The cost data from Gumerman et al. 
were for October 1978. 
5.4.1 Construction Cost for Water Treatment Unit Processes 
The construction cost data for each unit process was developed based on equipment cost data 
supplied by manufacturers, cost data from actual plant construction, unit takeoff from actual 
conceptual designs, and published data (Gumerman et al., 1979). The construction cost for each unit 
process included: excavation and sitework, manufactured equipment, concrete, steel, labor, pipe and 
valves, electrical equipment and instrumentation, and building enclosures. The cost also included the 
cost of material, purchase of equipment, installation, and the subcontractor's overhead and profit. A 
15% allowance was added to cover miscellaneous items not included in the cost takeoff, as well as 
contingency items. For a given treatment plant, the construction cost (CC) may be estimated by 
summing the construction cost of each individual unit process. However, the construction cost (CC) 
did not include other costs such as cost for special sitework, general contractor's overhead and profit, 
engineering, legal, fiscal, and administrative cost and interest payments during the construction. 
Special sitework included landscaping, construction of roads, and interface piping between processes 
and was assumed to be 5% of the CC. The total construction cost (TCC) of the treatment units 
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included the construction cost (CC) and the cost for special site work. 
To arrive at the capital cost, the following were added to the TCC: (i) general contractor's 
overhead and profit at 12% for the projects less than 2.5 million dollars and 10% for projects greater 
than 2.5 million dollars, (ii) engineering cost at 10%, (iii) legal, fiscal and administrative services at 
3%, and (iv) interest payments at 7% during construction (Gumerman et al., 1979). 
5.4.2 O&M Cost 
The O&M cost data for each individual unit process were obtained from Gumerman et al. 
(1979). The O&M cost included the cost for energy, maintenance material, and labor. The energy 
requirement for each individual unit process included process energy and building energy. 
Maintenance material requirement included replacement of parts and consumables such as lubricating 
fluids (Gumerman et al., 1979). The labor requirement in terms of hours per year included labor for 
operation and maintenance. 
5.4.3 Individual Unit Processes Cost 
5.4.3.1 Cost of Raw Water Intake Pumps 
The construction cost curve for raw water intake pumps with pumping capacity of20 to 1700 
gpm is presented in Table 5.1. The cost included a pump station with duplex submersible pumps in a 
20-ft deep steel pump basin, manifold piping within the basin, intake line valve, pump check valves, 
and electrical control equipment. The pumping capacity was designed according to the flow rate and 
the average oftotal dynamic head (TDH) of80 ft. The design also included a standby pump in case of 
one ofthe pump went out of service. The energy, maintenance material, and labor cost curves for raw 
water intake pumps are also presented in the Table 5.1. The electrical energy requirement was for 
continuous, 24-hr/day operation of raw water pumps at 50 ft TDH with a pumping efficiency of 80% 
and a motor efficiency of90% (Gumerman et al., 1979). 
5.4.3.2 Cost ofMicroscreen Device 
The cost ofmicroscreen devices for various flow rates were obtained from Miller-Leaman, 
Inc., Daytona Beach, FL. To generate the construction cost curve for microscreen devices, the costs of 
various sizes of microscreens with 120-200 mesh was plotted against their recommended flow rates. 
The construction cost curve for microscreen devices is presented in Table 5.1. The operating and 
maintenance of the microscreens included removing settled debris and occasional flushing and 
washing of the screens. The energy and the maintenance material costs were assumed to be negligible. 
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Table 5.1 Summary of Cost Curves for Construction, Energy Requirement, Maintenance 
Material, and Labor Requirement for Various Water Treatment Unit Processes 
(Costs are for October 1978 (ENR = 2851) except as indicated by t). 
Treatment Type of Cost Cost and Requirement Curves x value yvalue r 
Raw water Construction cost y = 11770 + 28.86 - 0.0082x2 gpm $ 0.987 
intake pumps 
Energy requirement y = 6.40 + 116.13x- 0.00004x2 gpm kW-hr/yr 1 
Maintenance material y = 52.31 + 0.2038x- 0.0001x2 gpm $/yr 0.972 
requirement 
Labor requirement y = 49.20 + 0.0877x + 0.00002x2 gpm hr/yr 0.996 
Microscreen Construction cost y = 793.93 + 0.9113x + 0.0017x2 gpm $ 0.994 
device 
Pressure filter Construction cost y = 12393 + 598.9x- 0.7792x2 gpm $ 0.990 
Energy requirement y = 22027 + 573.72x- 0.7102x2 gpm kW-hr/yr 0.997 
Maintenance material y = 78.90 + 2.2526x- 0.0032x2 gpm $/yr 0.973 
requirement 
Labor requirement y = 362.04 + 0.655x + 0.0011x2 gpm hr/yr 0.997 
Carbon Construction cost y = 16346 + 138.06x + 0.0002x2 gpm $ 1 
adsorption 
Energy requirement y = 59177 + 67.35x- O.OOOix" gpm kW-hr/yr 0.997 
Maintenance material y = 322 + 1.15x- 2*10-6x2 gpm $/yr 1 
requirement 
Labor requirement y= 1290+0.1889x gpm hr/yr 
Hypochlorite Construction cost y = 362.04 + 0.655x + 0.0011x2 $ 0.905 
system 
(< 1 mgd) Energy requirement y= 3130 kW-hr/yr 
Maintenance material y = 0.073x (Z)t gpm $/yr 
requirement 
Labor requirement y= 100 hr/yr 
Hypochlorite Construction cost y = 63542 + 11.666x + 4*10"5 x2 gpm $ 0.980 
system 
(> 1 mgd) Energy requirement y = 36216 + 55.638x gpm kW-hr/yr 1.00 
Maintenance material y = 0.073x(z)t + 1618 + 0.4611x- gpm $/yr 1.00 
requirement 3*10"7x2 
Labor requirement y = 475.25 + 0.036x- 1 *10"7x2 gpm hr/yr 0.995 
t (Z) =cost ofNaOCl m $/ton (1998 cost) 
5.4.3.3 Cost of Pressure Filtration Plant 
The construction cost of a pressure filter system with a multimedia depth of 30 inches and a 
filtration rate of 5 gpm!fY was obtained from Gumerman et al. (1979). The construction cost included 
a completely-housed filtration plant, automatic control valves, raw water intake pumps, filter media, 
backwash pump, and control panel. The cost of the pressure filter system without the raw water intake 
pumps was obtained by subtracting the cost of raw water intake pumps (Section 5.4.3.1) and is 
presented in the Table 5.1. 
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The energy required for the filtration plant included building energy for heating, cooling, 
ventilation, and lighting and process energy for backwashing and raw water intake pumping 
(Gumerman et al., 1979). The energy cost was obtained by substracting the energy cost ofthe raw 
water intake pumps from O&M cost for the filtration system. Maintenance materials included pump 
seals, lubricants, instrumentation repair, and general facility maintenance supplies. Labor 
requirements included operators' time for routine quality assurance tasks, performance of routine 
maintenance tasks and monitoring of the filtration system during normal operation and backwashing. 
A backwash frequency of two times per week was assumed. The energy requirement curve, 
maintenance material requirement curve, and labor requirement curve for a pressure filtrattion system 
are listed in Table 5.1. 
5. 4. 3. 4 Cost of Pressure Carbon Adsorption 
The costs presented are for a completed carbon adsorption facility, including vessels, cylinder 
operating butterfly valves, flow measurement and others instrumentation. Electrical energy 
requirements were computed assuming that the carbon contactors serve as both filter and carbon 
contractors; thus periodic backwashing is needed. Energy requirement were for backwash pumping, 
for pumping of spent carbon to generation facilities, and for return of generated carbon. Maintenance 
material costs reflect the annual requirement for general supply such as pumps, instrumentation repair, 
replacement of carbon lost during contactor operation. Labor cost related to the operation and 
supervising the facility. Estimated construction cost curve, energy cost curve, maintenance material 
cost curve and labor curve were taken from the Gumerman et al., 1979 and shown on Table 5.1. 
5.4.3.5 Cost of Hypochlorite Disinfection System 
The construction cost curve for a sodium hypochlorite feed system for flows between 2,500 
gpd and 1 mgd is presented in Table 5.1. The construction cost curve for a hypochlorite system for 
flows larger than 1 mgd is also presented in Table 5.1. For a hypochlorite system serving a treatment 
plant of less than 1 mgd, the process energy was about 570 kW-hr/yr for the metering pumps while the 
building energy requirement was estimated to be 2,560 kW-hr/yr (Gumerman et al., 1979). Chemical 
cost was included in the maintenance material cost which generally consists of the cost of sodium 
hypochlorite. The cost of hypochlorite needed was a function of the cost of sodium hypochlorite 
($/ton), hypochlorite dosage (mg/L ofNaOCI), and the annual water produced. For this study, 
hypochlorite dosage was assumed to be 5 mg!L ofNaOCl and sodium hypochlorite solution used had a 
15% strength. Labor needs included mixing ofthe sodium hypochlorite solution and routinue 
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checking of the mixing and dosing equipment. Based on these assumptions, labor needs were assuned 
to be approximately 2 hour per week or 100 hours per year. The energy, material and labor 
requirement curves for this unit process are presented in Table 5.1. 
5.5 Nonpotable Water Distribution Cost 
5.5.1 Cost of High Service Pump Station 
A two- or three-pump system with a lead pump and one or two secondary pumps was assumed 
to handle peak hourly flows. For flows less than 400 gpm, two high service pumps were provided. In 
all systems, continuous 24-hr operation ofthe lead pump and 8-hr operation of the secondary pump 
was assumed to determine energy usage. The cost of pumping stations included pumps, pressure 
sensing and flow control valves, controls, electrical and instrumentation. Spatial requirements for the 
pumps was provided within the treatment plant structure. The construction cost data was obtained 
from Gumerman et al. (1979) and the cost curve is presented in Table 5.2. 
Energy needed was computed based on supplying flows at a minimum discharge pressure of 
35 psig at the user service connection. Maintenance material cost were for the cost of seals and other 
miscellaneous small parts replacement. Labor requirements included lubrication of pump seals, 
calibration of pressure control devices, and occasional seal replacement (Gumerman et al., 1979). The 
energy requirement curve, maintenance material requirement curve, and labor requirement curve are 
listed in the Table 5.2. 
5.5.2 Cost of Treated Water Storage Tank 
A construction cost curve for treated water storage with capacities ranging from 500 to 30,000 
gallons was developed from cost data obtained from Means (1998). The cost was for above-ground 
bolted steel storage tank with double wall interior, supports foundation, and necessary fittings. O&M 
cost for treated water storage tank was assumed to include some painting cost at a frequency of every 
15 years. The construction cost curve for treated water storage tanks is presented in Table 5.2. 
5.5.3 Cost of Hydro-pneumatic Tank 
Construction cost curve for hydro-pneumatic tanks was developed from cost data obtained 
from USA BlueBook (1998). For small household hydro-pneumatic tanks, prices were obtained from 
the local hardware store. The cost included the cost of the hydro-pneumatic tank, pressure relief valve, 
vacuum relief valve, air compressor, and electrical control panel. The construction cost curve for 
hydro-pneumatic tanks is presented in Table 5.2. 
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Table 5.2 Summary of Construction, Energy Requirement, Maintenance Material, and 
Labor Requirement Cost Curves For Non-potable Water Distribution System 
(October 1978 cost except as indicated by *) 
Items Categories Cost curves x-value y-value ~ 
High service Construction cost y =101.38 + 17.78 - 0.0067x:l gpm $ 0.996 
pumping station 
Energy requirement y = 197.84x- 1661.1 gpm kW-hr/yr 0.997 
Maintenance y = 28.57 + 0.0351x + gpm $/yr 0.998 
material requirement 0.00002x2 
Labor requirement y = 102 + 0.0921x- 0.00005x"' gpm hr/yr 0.907 
Treated water Construction cost y = 4004.4 + 0.8141x gal $ 0.986 
storage tank* 
Hydro- Construction cost y = 2527.3 + l.4319x gal $ 0.999 
pneumatic tank 
Hydro- Construction cost y= 140 -- $ --
pneumatic tank 
(household unit) 
Main Unit cost y = 0.82 + l.2972x inches $/L.F 0.996 
distribution 
pipe* 
Excavation and Unit cost y = 2.346x- 2.53 ft $/L.F 0.976 
backfill* 
* 1998 cost 
5.5.4 Construction Cost of Piping Distribution System 
The cost of the nonpotable distribution system was determined based on two approaches. In 
the first approach the cost of distribution was estimated from cost information provided by Means 
(1998). Generally, the cost from Means was for undeveloped areas with minimum obstacles and 
obstructions such as paved roads or existing sewer pipes, and other utilities. The cost estimated by 
Means (1998) are generally lower than actual costs for developed areas. 
To estimate the cost ofthe distribution system by Means (1998), polyvinyl chloride (PVC) 
pipe, A WW A C900, class 150, SDR 18 was assumed. The unit cost per linear foot of pipe was 
obtained for diameters ranging from 1 to 12 inches. Pipe was priced as straight pipe with a joint at 
every 20 ft. According to Means ( 1998), the cost of fittings for the pipes was approximately between 
25% to 50% of the cost of the pipe. The lower percentage is for simpler linear run while the higher 
percentage is for complex areas with more bends and turns. In this study, 30% was assumed. The unit 
costs for various diameters were plotted against the pipe diameters to generate a unit cost curve for the 
main distribution pipe. The unit cost curve for the main distribution pipe is presented in Table 5.2. 
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Unit cost per linear foot of excavating and backfill was developed for a 2 ft wide trench, with 
the depths ranging from 5-l 0 ft. The cost per linear foot which included excavation, backfill and 
removal of soil, and compaction for various depths and trench bottom widths were obtained from 
Means (1998). The unit cost curve for excavation and backfill is included in Table 5.2. 
To obtain the piping distribution cost for developed areas, construction costs which included 
materials and excavation/backfill were obtained from US EPA (1980). The construction costs are 
presented in Table 5.3. Some of the unit costs were checked against the actual installation costs from 
Des Moines Water Works for some oftheir current projects (Corrigan, 1998). The unit costs in Table 
5.3 were slightly lower than the actual costs from Des Moines. Since a complete cost for different pipe 
sizes was not available from the City of Des Moines, the unit cost data in Table 5.3 was used in this 
study. To arrive at the capital cost, the following cost was added to the total construction cost: (1) 
general contractor's overhead and profit at 12% for project that less than 2.5 million dollars and 10% 
for projects greater than 2.5 million dollar, (2) engineering fees at 10%, (3) legal, fiscal and 
administrative services at 3%, and (4) interest payments at 7% during construction. 
Table 5.3 Cost of Force Mains Including Installation 
(ENR = 3000) (US EPA, 1980) 
Diameter of Force Main (inches) Cost per linear foot ($) 
4 18 
6 21 
8 27 
10 33 
12 37 
14 47 
16 54 
18 64 
20 70 
24 86 
30 125 
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5.6 User's Connection Service Cost data 
The costs for the user's service connection included the corporation stop valve, curb box, 
copper pipe, meter, excavation and backfill. The cost was obtained from Means (1998). In addition, 
an extra 30% of the construction cost was assumed to account for the necessary fittings. The unit costs 
presented in Table 5.4 included the cost of material, labor for installation, and required equipment. 
Contractor's overhead and profit were excluded in this cost. To arrive at the total capital cost, the 
following cost was added to the total construction cost: (1) general contractor's overhead and profit at 
12% for projects less than 2.5 million dollars and 10% for the projects greater than 2.5 million dollars, 
(2) engineering fees at 10%, (3) legal, fiscal and administrative services at 3%, and (4) interest 
payments during construction. 
Table 5.4 Unit Cost (Including Installation) of Various 
Components For User's Connection Service. 
Item Unit Installed Cost 
Completed service connection $ 450/ea 
Water meter $ 177/ea 
1" diameter copper pipe (Type K) $ 4.81/ft 
%" diameter copper pipe (Type M) $ 3.98/ft 
5. 7 Benefits 
The benefits of reclaimed storm water are site specific and are a function of local market 
demand for nonpotable supply and water rates for the local potable water supply. A monetary saving 
will result from not using and paying for potable water (Wanielista and Yousef, 1993; Field and Fan, 
1981 ). Other important benefits identified by Field and Fan (1981, 1985) include flood control, 
recreational values, reduction of pollutant discharge, and improvements and preservation ofthe 
environment. Mallory and Boland (1970) showed that benefits derived from use ofthe stormwater as 
a water supply can offset a portion of the cost of pollution control. However, it is not practical to 
quantify some of these benefits in terms of dollar amounts. The benefits derived from the direct 
reclamation of stormwater for reuses would include: 
1. Potable water savings through the conservation ofhigh quality source water for 
priority use such as drinking water. 
2. Flood control benefits realized from the attenuation of peak flows during runoff 
events through detention and storage basins, flood damage, and erosion control. 
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3. Recreational benefits such as fishing and picnicking at park areas developed around 
the detention ponds. Aesthetic benefits may be created at a low cost with appropriate 
landscaping. 
As explained earlier, quantification of benefits is very site specific and very much dependent 
on the current environmental conditions and land use of the study area. The benefits listed in the 
following sections were obtained from various studies and should be used with caution. 
5. 7.1 Potable Water Saving Benefits 
The Des Moines water rates for potable water were used for the estimation of the cost of 
potable water savings from the reuse of reclaimed stormwater. The cost of water in Des Moines is 
structured over three tiers depending on the average daily usage (see Table 5.5). Customers not billed 
for the monthly minimum charge are billed at the Tier 1 rate if daily water consumed was less than 668 
fe/day or 5,000 gal/day. This generally includes most of the residential customers. The next level of 
daily water use, 668 - 2,005 ft3 /day or 5,000 - 15,000 gal/day will be billed at the Tier 2 rate. This 
generally includes most of the commercial businesses. Water consumption over 2,005 ft3/day or 
15,000 gal/day is billed at the Tier 3 rate. This includes most of the industrial accounts. 
Table 5.5 Potable Water Rates (Aug. 1998) For Des Moines, Iowa 
Water Rates 
Tier 1 Tier2 Tier 3 
Average Water Rate in Average Water Rate in Average Water Rate in 
City Daily Use $11,000 Daily Use $11,000 Daily Use $11,000 gallons 
in gallons gallons in gallons gallons in gallons 
Des 5,000-
Moines, 0-5,000 2.15 15,000 1.47 > 15,000 1.06 
Iowa 
5. 7.2 Flood Control Benefits 
The collection and storage components of a storm water reuse system can provide flood 
control, including peak flow attenuation, erosion control, property damage prevention and reduction in 
wet weather flow for downstream storm sewer systems. The flood control benefit of a storm water 
reuse project may be quantified by estimating the possible savings as a result of property damage 
prevention. To estimate the potential property damage, a flood frequency analysis is usually required. 
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However, for a given site such as Des Moines, information on property damage from flooding is 
usually not readily available. An approach used in the assessment of flood control projects is the 
application of benefit-cost ratio where the cost is the cost of the structure needed for flood prevention. 
In a study conducted by Ramirez et al., (1988) for a site in Minnesota, the benefit-cost ratio ranged 
from as low as 0.87 to 2.1 for a project life of 100 years and a discount rate of 7%. The benefit-cost 
ratio is dependent on the project life and interest rates, with the benefit-cost ratio being larger for a 
longer project life and lower interest rates. An average benefit-cost ratio of 1.5 for a 20-year project 
life was used for this study. To estimate the benefit-cost ratio for different project lives, the following 
approach was used. The annualized benefits for a 40-year or a 60-year project life was assumed to be 
equal to the annualized benefits of a 20-year project life. This would translate to a benefit-cost ratio of 
1.8 for a 40-year project life, and 2.0 for 60-year project life. In this study, the amount of flood control 
benefit was estimated by multiplying the cost of the storage/detention pond by the benefit-cost ratio. 
The cost of the collection system was not used since the stormwater collection system would be needed 
for a given site regardless of whether there is a stormwater reclamation system in place or not. 
5. 7.3 Recreational Benefits 
The storm water storage basin may be used as a recreational and aesthetic body of water. 
Studies conducted by several investigators indicated that fishing and picnic activities were the primary 
recreational benefits resulting from the use of storage basins (Flug and Montgomery, 1988; Ochs and 
Thorn, 1984; Russell and Vaughan, 1982; Wanielista and Yousef, 1993). Ochs and Thorn (1984) 
used the concept of fishing activity days per year to calculate fishing benefits. The value of 
recreational fishing activity was estimated to be between $3.50 and $11.50 per person per activity day 
(Wanielista and Yousef, 1993). A study conducted by Russell (1982) showed that about 10-47% of 
the population of a given area claimed to have done some fishing in the course of 1975. For this study, 
recreational benefit of storm water detention ponds were estimated based on the following: 
• fifteen fishing activity days per year (for weekends during May-August in Iowa). 
• 20% of the population in the project area was involved in fishing/picnic activities 
• a recreational benefit of$3.50 per person per fishing activity day. 
5.8 Description of Cost Estimation Program 
The total cost of a storm water water reuse system consist of the storm water collection system 
cost, storage basin cost, stormwater treatment cost, nonpotable water distribution system cost and the 
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user's service connection cost. The total benefits consist of savings in potable water, flood control 
benefits, and recreational benefits. A spreadsheet program using MS EXCEL was developed to 
compute the total cost for a stormwater reuse system. Included in the spreadsheet program are 
estimates of benefits realized as a result of the storm water reuse system. 
The Cost Estimation spreadsheet workbook consists of6 pages. A copy ofthe program is 
included in Appendix A. Each page within the workbook computes different components of the 
storm water reuse system. The input data needed for the cost estimation are entered on the first page. 
The general cost data (August, 1998) used in the cost calculations are shown in Table 5.6. The second 
page provides the estimated cost of the stormwater collection system while the third page computes the 
cost for stormwater storage basin. These pages include the quantity and size of pipes and manholes 
needed, the cost of installation/excavation per linear foot of pipe and the volume of the storage basin. 
The total construction cost and 0 & M cost of storm water treatment facilities are estimated in the 
fourth page of the Cost Estimation program. On the fifth page of the program, the cost for the 
nonpotable water distribution system and the user's service connection are estimated. The last and 
final sheet provides a summary of all the cost components and computes the benefits for the 
stormwater reuse system. Included in this page are the total annualized costs and the annualized cost 
per 1,000 gallons of water. Also included in this page is the estimation ofthe total benefits, benefits 
per 1,000 gallons of water, benefit-cost ratio for each scenario. 
A typical page of the input data page for cost estimation is presented in Table 5.7. All other 
pages can be found in Appendix A. The input data page is divided into eight Parts. In "General Data" 
(Part 1 ), the most-up-to-date Engineering News Record (ENR) Construction Cost Index, annual 
interest rate, design life of project, and the current electricity rate and hourly labor rate are needed. 
Water demand data is entered in Part 2 along with the nonpotable water reuse option (see Table 2.1 ). 
Two other items of information required for this section are the daily peak factor for estimating the 
peak daily demand rate and the hourly peak factor for estimating the peak hourly demand rate. The 
peak day demand rate was used for sizing the treatment process while the peak hourly demand rate was 
used to size the high service pumps and the treated water storage volume. 
In Part 3 and Part 4, the stormwater storage data and land cost are needed. The volume of the 
storage basin was calculated separately using the Stormwater Runoff, Storage and Pipe Size Estimation 
Program and transferred to this Part. Part 5 lists the different unit treatment process needed. 
Selection of different unit treatment processes may be made by placing a "1" to indicate inclusion in 
the treatment train or "0" to exclude from the treatment train. The current cost of sodium hypochlorite 
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is also required for Part 5. Part 6 lists the water distribution system requirements. This includes the 
treated water storage tank, the high service pump station, the hydro-pneumatic tank and the water 
distribution system. Selection can be made to include or exclude one or more of these system by 
placing either a "1" or "0" in the appropriate column. Part 7 also includes the quantity and size of 
pipes, cost of installation/excavation per linear foot of pipe, number of hydrants, and the quantity of 
user's service connection needed. Information needed for the last part of this page is data for the 
benefits for the stormwater reuse system. 
Table 5.6 General Cost Input Data 
General data Items Value 
ENR Construction Cost Index in (Aug/98) 5929 
Annual interest rate 7% 
Design life 20 yr 
Electricity rate $0.07/kW-hr 
Hourly labor rate $21/hr 
Treatment data Chemical cost of sodium hypochorite $190/ton 
Distribution data Unit cost of hydrant $3,550/ea 
User's connection Unit cost of curb box connection $450/ea 
Unit cost of 5/8 x 3/4 inch water meter $177/ea 
Table 5.7 Input Data Needed For Cost Estimation Program 
J. General Data 
ENR Construction Cost Index 
(CCI) in (Month/yr) 
Annual interest rate 
Design life 
Electricity rate 
Hourlylabor rate 
2. Water Demand Data 
Peak month!Avg day Demand 
Annual Average Day Demand 
Enter Water Reuse Option Code• 
Daily Peak Factor 
Hourly Peak Factor 
Wntcr rate per 1000 gallons 
Aug-98 5929 
7% 
20 yrs 
0.07 S/Kw-hr 
21 Slhr 
1,500,841 gpd 
841,641 gpd 
I 
2 
4 
s 1.60 
• Reuse Oplion code arc: I for lrrigarion only, 2 lor trrigarion and Toiler Flushfng. 
3 for lrrigalion and Firc·liahrinc. 4 for lrrillnlion, Toiler Flushing and Fire Fighling 
S fur l'irc Fighling only, 6 fur rccrc~lion nnd llood conlroluscs. 
3. Storage reservoir dntn 
Name ofb!Ujo Volume for Reuse 
Washington Avenue 7.36 Ac-ft 
Guthrie 11.23 Ac-ft 
Mattern 3.31 Ac-ft 
Hull 41.71 Ac-ft 
0 Ac-ft 
4. Land cost data 
Area of land used for storage basin 
Unit Cost of Land 
5. Treatment Facilities Cost Data 
Raw water pumping facility 
Screen 
Pressure Filter@ 5gprnlft"2 
Sodium Hypochlorite Disinfection 
Chemical Cost of Sodium Hvoochorite 
Yolymc for Ooocl conJrol 
34 Ac-ft 
85 Ac-ft 
29 Ac-n 
105 Ac-ft 
o Ac-n 
23 Ac 
25,000 S/Ac 
Process Sc!cc(jon 00 
0 
I 
190 Sffon 
• • l!nrcr I for J>roccsses you wanllo sclccrcd, and 0 for lhe ollJCrs. 
6. Distribution Cost Data 
Process Sclecrion•• 
Treated water Storage Tank 
High-Service Pumping Station 
Hydro-pneumatic Tank 
Nonpotnbr Wntrr Mnln 
Site condition• .. 
Pipe Size (in.)• • • • 
12 
Excavation/Dnckliii/Compaction depth 
Number of hydrant 
Unit cost of hydrant 
10 
8 
6 
4 
3 
••• Sire comlilion nrc: 0 li>r undcvclol>ed nrcn. I for developed ntcn 
•••• Size of pipe arc provide by EI'ANIIT for oprion code is I or 2. 
11nd arlcasl 8 iflhe reuse oprion code is 3, 4 or S. 
7. User's Connection Cost Data 
Number of Connection 
Length of I" External PVC Pipe 
Length of 1/2" Internal Copper Pipe 
Unit Cost of Curb box Connection 
Number of water meter 
Unit Cost of I" water meter 
8. Benefit Data 
Scenario population estimates 
Flood control B/C factor 
Recreation unit benefit 
0 
Length (ft) 
2,663 
24,595 
98,366 
33,230 
1,017 
0 
6 n 
0 unit 
3.550 Sica 
1,810 unit 
72,400 ft 
18,100 n 
652 S/ca 
1,810 unit 
177 S/ea 
6142 people 
1.5 
3.50 $/person-day 
w 
00 
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CHAPTER6 
FINAL DESIGN AND COST ESTIMATES 
6.1 Scenario 1- Individual Structure (Residential) 
Location/Site: 
Characteristics: 
Typical house in Des Moines, Iowa; Dean's Lake/Easter Lake 
drainage basin. 
Residential, 1,500-2,000 ~ ofliving area with about 114 acre of 
property, 2 baths and 2-car garage. 
6.1.1 Collection System, Water Demand and Storage 
Runoff calculations, collection system and storage tank sizing, were obtained from Battelle 
and ISU report ( 1999). Standard roof gutters and downspout were used to convey water from the roof 
to collection piping installed at the periphery of the home and then to a below ground storage tank(s). 
The calculated volume of the storage tank required for outdoor use only and a total volume for both 
toilet use and outdoor use were also calculated as outlined in Chapter 4 and shown on Table 6.1. For 
toilet use demands, a large retention volum.e was required since a continuous supply ofnonpotable 
water was needed. Furthermore, adequate storage was needed to supply the nonpotable needs in the 
winter months when there was low rainfall. 
The daily water demand for a single-family home in the Des Moines area averaged 
approximately 342 gaVday giving a total annual demand of 124,830 gallons (A WW A, 1992). The 
nonpotable water demand for outdoor uses and outdoor and toilet flushing uses were calculated and 
shown in Table 6.1. 
Table 6.1 Water Demand and Storage Volume of Scenario 1-
lndividual Structure (Residential) 
Outdoor Use Only Total Toilet and Outdoor Use 
Annual Water demand (gallons per year) 16,830 51,870 
Storage volume (gallons) 4,640 17,970 
6.1.2 Treatment Methods 
In Figure 6.1, the stormwater collected from the roofwas directed to a compartmentalized 
retention tank to facilitate removal of settable solids and any large debris particles. The retention 
tank(s) would be installed below ground near the house. Water flowed from the initial settling 
compartment to a second compartment in the tank Sodium hypochlorite was added at the second 
L&Wll 
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Figure 6.1 Storm water Collection and Treatment for Scenario 1 - Individual Structure (Residential) 
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compartment or holding tank for control of biological growth using a tablet type feeder. Water was 
pumped from the holding tank through a 10 micron cartridge filter and then into the nonpotable 
household plumbing system. The pump was controlled with a pressure switch on the hydro-
pneumatic tank. A small hydro-pneumatic tank (30 gallons) was included to provide initial treated 
water volume and control of system pressures. To ensure a continuous water supply was provided, 
even under low rainfall conditions, a potable water line was connected to the second compartment for 
make-up water. This potable water connection was protected with an air gap inside the holding tank 
and above the maximum water level to protect against back flow. The valve on the potable water 
make-up line was controlled with a low level float switch. The retention tank would include high 
water overflow discharge piping to release stormwater when supply exceeded the demand during 
extreme storm events. 
6.1.3 Nonpotable Water Plumbing System 
The nonpotable water distribution plumbing system in the house was installed to provide 
separate service to the toilets in the home and the outside hose bibs (and irrigation system if installed). 
Forty feet of outside PVC piping was allowed along with 40 feet of 112 inch copper pipe (Type M) for 
internal plumbing for the toilet flushing and 10 feet of 3/4 inch copper (Type M) to service an outside 
hose-bib connection for irrigation uses. 
6.1.4 Cost Estimation for Scenario 1 -Individual Structure (Residential) 
Summaries of the design data and cost estimates for an individual residential structure are 
presented in Table 6.2 and Table 6.3. The total cost and benefits summary pages from the Cost 
Estimation Workbook are presented in Appendix C. 
Table 6.2 Summary of Design Data for Scenario 1 - Individual Structure (Residential) 
Storage Tank Filter Pump Hydro-pneumatic tank 
Volume (gal) Cost($) Cost($) Cost($) Volume (gal) Cost($) 
Option I 4,646 3,300 653 270 30 140 
Option 2 17,947 18,637 653 270 30 140 
Table 6.3 Cost Summary for Scenario 1- Individual Structure (Residential) 
Capital Cost ($) Annualized Capital Cost, ($/yr)* O&M Cost ($/yr) Cost per 1,000 gal 
Option I 4,510 430 80 12.85 
Option 2 20,150 1,900 150 27.59 
* n= 20-yr , F 7% 
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6.2 Scenario 1 - Individual Structure (Institutional) 
Location/Site: 
Characteristics: 
Evangelical Retirement Home, Guthrie Ave., Des Moines, Iowa, 
within the 7th Ward drainage basin, next to Dean's Lake drainage 
basin 
Two to four-story apartment buildings with adjacent landscaped area, 
(19 acres). 
6.2.1 Collection System, Water Demand and Storage 
Runoff calculations were obtained from the stormwater reclamation report (Battelle and ISU, 
1999). The average annual rainfall was 29.6 inches while the calculated annual runoffwas 14.3 inches 
for the study area. There were 18 pipes in the study area and the pipe sizes are summarized in Table 
6.4. The total pipe length was 3,730 ft and the number of manhole/inlet was 18. A summary ofthe 
water use, runoff, and retention basin volumes for this scenario are listed in Table 6.5. 
The total monthly water demand for the retirement home in 1997 was obtained from the Des 
Moines Water W arks. The monthly water use by this facility for the year 1997 is presented in 
Appendix B. The water demand for outdoor uses was assumed to be for April15 to September 15. To 
compute the outdoor water use, the average use for the months of November to March was subtracted 
from the average use for the months of May to August. The daily average water use in peak month for 
outdoor purposes was 2,153 gallons/day and for total outdoor and toilet flushing use was 7,270 
gallons/day. 
For fire fighting purposes, a flow rate of 500 gpm for 2 hours was required on demand. This 
nonpotable demand for fire fighting may be provided by allowing for sufficient storage on site to meet 
this demand. In addition, the distribution pipe minimum diameter increased to 8 inches to ensure 
adequate pressures. 
The calculated volumes of the stormwater storage basin were 78,850 gallons for outdoor use 
only and 859,540 gallons for both toilet flushing and outdoor use. The calculated stormwater retention 
volume for flood control was 329,170 gallons (1.2 acre-feet). A volume of 859,540 gallons (about 
2.64 acre-feet) was used as the basis for the construction of the storage basin. The location of the 
storage basin is shown in Figure 6.2. The estimated surface area ofthe storage basin was 0.13 acre 
and the depth was 20ft. The area of the right of way for the basin was 0.20 acre. The informations for 
stormwater collection system and stormwater storage basin were obtained from the stormwater 
reclamation report (Battelle and ISU, 1999) 
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Table 6.4 Summary of Storm Sewer Pipe Sizes for Scenario 1 -
Individual Structure (Institutional) 
Pipe Diameter (in.} Pipe Length (ft) 
10 160 
15 1010 
18 860 
21 920 
24 70 
27 100 
30 220 
36 390 
Total 3730 
Table 6.5 Summary of Water Volume Categories for 
Scenario 1-lndividual Structure (Institutional) 
Categories 
Annual Rainfall 
Annual Runoff 
Total Annual Demand 
Reuse Volume (Option 2) 2 
Reuse Volume (Option 1)3 
Retention Basin Volume (Option 2) l 
Retention Basin Volume (Option 1)3 
1 cubic feet per second-day 
2 stormwater used for outdoor demands and toilet flushing 
3 stormwater used only for outdoor demands 
Volume of Water 
inches 
29.60 
14.30 
---
---
---
---
---
gallons 
15,277,990 
7,377,310 
6,940,690 
2,129,912 
307,867 
859,540 
78,850 
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6.2.2 Treatment Methods 
The average day demand rate during the peak month of2,153 gallons/day for outdoor uses 
only and 7,270 gallons/day for toilet flushing and outdoor uses were used to size the treatment system. 
A peak day factor of2.0 was used for this particular scenario to calculate the treatment facility. By 
following the design steps indicated in Chapter 4 (Section 4.4), the summary of the design of the 
treatment process design for this treatment facility is shown on the Table 6.6. 
Table 6.6 Summary of Treatment Process Design Information for 
Scenario 1- Individual Structure (Institutional) 
Two Raw 
Water One Screen 120-200 Two Pressure Filters@ 
Options Intake mesh Max. Flow 5gprnlff 
Pumps 100 gpm 30 inches Media Depth 
TDH= 30ft 
Flow Rate Flow Rate Flow Rate Size 
(gpm) (gpm) (gpm) (inches) 
Option 1 3 3 N/A N/A 
Irrigation only 
Option 2 
Irrigation & 10 10 10 20 
toilet flushing 
Option 3 
Fire fighting only N/A N/A N/A N/A 
Option4 
Irrigation & fire 3 3 N/A N/A 
fighting only 
Option 5 
Irrigation, toilet 10 10 10 20 
flushing and fire 
fighting 
6.2.3 Nonpotable Water Distribution System 
Hypochlorite 
Disinfection 
Dosage 
(mg/L) 
5 
5 
N/A 
5 
5 
The average day demand rate during the peak month of2,153 gallons/day for outdoor uses 
only and 7,270 gallons/day for toilet flushing and outdoor uses were used to size the distribution 
system. A peak hour factor of 6.0 was used for this particular scenario to calculate the treated water 
storage volume and capacity of high service pumps. By following the design steps indicated in 
Chapter 4 (Section 4.5), the design for the distribution for Scenario !-Individual Structure 
(Institutional) was conducted and the results presented in Table 6. 7. The nonpotable water distribution 
system of the study area is presented as shown in Figures 6.2. 
.. 
G 
+ 
Figures 6.2 Nonpotable Water Distribution System for Scenario I - Individual Structure (lnstitutionial) 
"""' Vl 
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Table 6.7 Summary of Water Distribution System Design Information for 
Scenario 1 -Individual Structure (Institutional) 
Treated Two High Hydro- Distribution System Excavation, 
Options Water Service pneumatic Piping Backfill and 
Storage Pumps Tank Compaction 
Tank TDH=160ft (2' wide, 6' 
depth) 
Volume Flow Rate Volume Diameter Length Length 
(gallons) (gal/min) (gallons) (in.) (ft) (ft) 
Option I 
irrigation 718 9 135 2 3260 3260 
only 
Option 2 
irrigation & 2,000 30 450 4 3260 3260 
toilet 
flushing 
Option 3 
irrigation & 60,718 509 450 8 3260 3260 
fire fighting 
only 
Option 4 
irrigation, 62,424 530 450 8 3260 3260 
toilet 
flushing 
and fire 
fighting 
Option 5 
fire fighting 60,000 500 450 8 3260 3260 
only 
Hydrant 
Quantity 
N/A 
N/A 
3 
3 
3 
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6.2.4 Nonpotable Water Service Connection Design 
Service connections design and material estimation followed the criteria outlined in Chapter 4, 
Section 4.5. A summary of the design parameters for the nonpotable service connections is presented 
in Table 6.8. 
6.2.5 Cost Estimation for Scenario 1 -Individual Structure (Institutional) 
The cost input data for Scenario 1 -Institutional is presented in Table 6.9 and the summary of 
the cost and benefits estimates are presented in Table 6.1 0. The total cost and benefits summary pages 
from the Cost Estimation Workbook are presented in Appendix C. 
Options 
Option 1 
irrigation 
only 
Option 2 
irrigation & 
toilet 
flushing 
Option 3 
irrigation & 
fire fighting 
only 
Option4 
irrigation, 
toilet 
flushing and 
fire fighting 
Option 5 
fire fighting 
only 
Table 6.8 Summary of Nonpotable Service Connection Design for 
Scenario 1- Individual Structure (Institutional) 
Number External Service Excavation 
of Water Meter Pipe Backfill and Internal 
Services Compaction Piping 
Quantity Quantity Size Length Size Length Length Size 
(in.) (ft) (in.) (ft) (ft) (in.) 
24 1 2 960 2 960 240 3/4 
24 1 2 960 2 960 4,800 3/4 
24 1 4 960 2 960 240 3/4 
24 1 4 960 2 960 5,040 3/4 
N/A N/A N/A N/A N/A N/A N/A N/A 
Reuse Option 
Option I 
irrigation only 
Option 2 
irrigation & 
toilet flushing 
Option 3 
irrigation & 
fire fighting 
only . 
Option 4 
irrigation, 
toilet flushing 
and lire 
fighting 
Option 5 
fire fighting 
only 
Table 6.9 Summary of Input Data for Scenario 1 - Individual Structure (Institutional) 
Water Demand Treatment Distribution system User's Service Connection 
Daily peak factor = 2 
Peak month/ Annual Avg Process Selection Process Distribution External Internal Other 
AvgDay Day Demand Selection Pipe I" pipe %" pipe 
Demand (gaVday) (ft) (fi) 
(gal/day) 
2,153 843 Raw water pumping Storage tank 4" @3,260 ft 960 240 I water 
Screening High service meter (4") 
Disinfecting pumps 24 curb 
Hydro- boxes 
pneumatic tank 
7,271 5,835 Raw water pumping Storage tank 4" @3,260 ft 960 5,040 I water 
Screening High service meter (4") 
Filtering· pumps 24 curb 
Disinfecting Hydro- boxes 
pneumatic tank 
2,153 843 Raw water pumping Storage tank 8"@3,260 ft 960 240 I water 
Screening High service meter (4") 
Disinfecting pumps 3 hydrants 24 curb 
Hydro- boxes 
pneumatic tank 
7,271 5,835 Raw water pumping Storage tank 8"@3,260 ft 960 5,040 I water 
Screening High service meter (4") 
Filtering pumps 3 hydrants 24 curb 
IJisinlccting Hydro- boxes 
pneumatic tank 
·N/A N/A N/A Storage tank 8"@3,260 ft N/A N/A N/A 
High service 
pumps 3 hydrants 
.j::o. 
00 
Table 6.10 Summary of Cost and Benefits for Various Options for Scenario 1 -Individual Structure (Institutional) 
Collection System Storage Cost 
Reuse Cost 
Option Capital O&M Capital O&M 
($) ($/yr) ($) ($/yr) 
Option I 
irrigation 20,870'' 100'' 
only 
Option 2 
irrigation & 74,1604 3504 
toilet 
flushing 
Option 3 
irrigation 20,870!) IOOu 
and fire 160,130 300 
protection 
Option 4 
irrigation, 
fire 74,1604 3504 
protection 
and toilet 
flushing 
Option 5 
lire 20.870: 1 100:' 
protection 
only 
Option 6 
recrent ion 20.87011 10011 
and llood 
control 
• Total annual cost exclude the collection cost 
! 1 Storage cost for flood control uses 
4 Storage cost for reuse uses 
Land 
Cost 
($) 
2.250 
5,000 
2,250 
5.000 
2,250 
2.250 
Treatment Distribution User's Total 
Facility System Connection 
Capita O&M Capital O&M Capital($) Capital Annual cost Cost per 
1_($) ($/yr) ($) ($/yr) _{$) ($/yr) • 1,000 gal 
41.040 11,960 122.040 2.080 41,660 387,990 35,650 29.93 
91.690 20.230 125.560 2.140 64,910 521,450 56,830 30.67 
41,040 11,960 246,370 2,080 41,300 511,960 47,350 165.95 
91,690 20,230 248,900 2,140 64,910 644,790 68,470 33.92 
47.410 NIA 152,240 2,070 NIA 382,900 23,200 NIA 
N/A N/A N/A N/A N/A llr\.250 2,280 NIA 
Total j 
Benefits 
($/yr) 
4.775 
8,692 
4.775 
8692 
4,113 
4.1 J:l 
~ 
~ 
\0 
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6.3 Scenario 1- Individual Structure (Commercial) 
Location/Site: 
Characteristics: 
Eastgate Shopping Plaza, at the junction of E. Euclid and E. 14 street, 
Des Moines, Iowa, within the Dean's Lake drainage basin. 
Commercial, (48 acres), typical shopping plaza with several 
businesses ranging from dining facilities, car repair shops, offices, 
and car wash, and adequate parking spaces. 
6.3.1 Stormwater Collection System, Water Demand and Storage 
A total of 19 different length of pipes was required for the study area. The total pipe length 
was 5,850 ft and the manhole/inlet quantity was 19. The pipe sizes are summarized in Table 6.11. The 
average annual rainfall was 29.6 inches while the calculated annual runoff was 24 inches for the study 
area. This information was obtained from the Stormwater Reclamation Report (Battelle and ISU, 
1999). 
With the assistance of Des Moines Water Works, water use for the last two years for the 
tenants at the plaza was obtained. A list of the major water users at the plaza and their water use for 
the year 1997 are presented in Table 6.12 .. The largest water user at this study area was the Landmark 
Car Wash with an annual volume of 642,530 gallons. For this scenario, the water collected from 
stormwater runoff was assumed to be used by the car wash facility only. About 80% of the water 
consumed by the car wash was assumed to be replaceable by nonpotable water for initial washing and 
rinsing of dirt from the car. Potable water was used for the final rinsing. Based on this assumption, 
the reuse water demand was estimated to be 515,400 gallons per year which was also equal to the 
volume of potable water saved (Table 6.13). The peak month usage indicated a demand of 103,800 
gallons. For the peak month, an average day demand was 3,460 gal/day. This equates to an average 
flow of 7.2 gpm over a 8-hour period. 
For flood control purposes, the stormwater retention basin volume was estimated to be 
1,235,020 gallons (3.8 acre-feet) which was larger than the reuse volume needed. The location of the 
storage basin is shown in Figure 6.3. The surface area of the detention pond was 0.42 acre (135ft x 
135ft) with a depth of 10ft. The basin right of way area was 0.63 acre (165ft x 165ft). 
Using the Residual Mass Tabulation Method, the estimated volume of the storage basin 
required for reuse was 325,780 gallons (0.99 acre-feet). This volume was needed to ensure a 
continuous supply for the nonpotable water demand of Landmark Car Wash facility. The stormwater 
retention basin information was obtained from the Stormwater Reclamation Report (Battelle and ISU, 
1999). 
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Table 6.11 Summary of Storm Sewer Pipe Size 
Pipe Diameter (in.) Pipe Length (ft) 
18 1,150 
24 1,670 
30 800 
36 440 
42 830 
48 680 
60 210 
72 70 
Total 5,850 
Table 6.12 List of Major Water Users at Eastgate Shopping Plaza 
Retailer Annual Water Demand 
cu. ft. gallons 
Landmark Car Wash 85,900 642,530 
Goodyear Tire and Rubber 11,200 83,780 
Goodyear Service Store 13,100 97,990 
Tires Plus 15,200 113,700 
Best Steak House 34,600 258,800 
B-Bops Restaurant 62,500 467,500 
Neil Communities 2,200 16,500 
CST Ellis I Levitt 27,900 208,700 
Neal Paul, Jr. 22,700 169,800 
Porter Bob 24,100 180,300 
Total Water Demand with 15% for other 344,310 2,575,400 
Table 6.13 Summary of Water Volume Categories for 
Scenario 1- Individual Structure (Commercial) 
Volume of Water 
Categories inches gallons cu. ft. cfs-day 1 
Annual Rainfall 29.60 38,580 5,157,500 ---
Annual Runoff 24.00 97,070 4,181,760 ---
Total Annual Demand --- 2,575,440 344,310 ---
Annual Reuse --- 515,400 68,720 ---
Required Storage --- 323,780 43,286 0.50 
1 cubic feet per second-day 
acre-ft 
---
---
---
---
0.99 
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6.3.2 Treatment System 
The average day demand rate during the peak month of3,460 gallons/day over eight hours 
operation was used to size the treatment system. A peak day factor of2.0 was used for this particular 
scenario to calculate the capacity of treatment facility. The treated nonpotable water was classified as 
Class B with the treatment system consisted of raw water pumping station, screening, filtration and 
disinfection processes. A summary of treatment process design for this treatment facility is shown in 
the Table 6.14. 
6.3.3 Nonpotable Water Distribution System 
The peak hour rate was calculated to be 36 gpm (average flow rate of7.2 gpm times a PF of 
5.0). The calculated treated water storage volume was 2,590 gallons. Two high service pumps were 
included, each rated for 36 gpm at 115 ft TDH, to supply water to the car wash facility from the 
treatment plant and storage building. The system pressure was set for 60 psig/40 psig (maximin). A 
600 gallons hydro-pneumatic tank provided control of system pressure and provided water during low 
demand periods. Operation of the low service pumps and treatment process units was controlled by 
the system pressure and water levels in the treated water storage tank. 
The total length of the required distribution system piping was 850 feet. The diameter of 
distribution pipe was estimated to be 4 inches through using EP ANET software. The length of 
excavation and backfill for this scenario was 850 ft. Nonpotable water was distributed to the car wash 
facility, with the internal plumbing service sized and provided by the user according to the specific 
application. The nonpotable water distribution system of the study area is presented as shown in 
Figures 6.3. 
6.3.4 Cost Estimation for Scenario 1 - Individual Structure (Commercial) 
The cost input data for Scenario 1 -Individual Structure (Commercial) are presented in Table 
6.14 and the cost and benefits estimates are presented in Table 6.15. No user's service connections 
were considered for this particular scenario since the internal plumbing was sized by the user 
according to the specific application. The stormwater collection system cost and the stormwater 
storage basin cost information were obtained from the Stormwater Reclamation Report (Battelle and 
ISU, 1999). No recreational benefit was considered for this specific scenario. The total cost and 
benefits summary pages from the Cost Estimation Workbook are presented in Appendix C. 
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Table 6.14 Summary of Input Data for Scenario 1 - Individual Structure (Commercial) 
Water Demand 
(Daily peak factor = 6 Treatment Distribution System 
Hourly peak factor = 15) 
Reuse Option . Peak day Annual Avg Processes Selection Processes Selection Distribution 
demand day_ demand Pipe 
Raw water pumping Storage tank 
Car washing 3,697 gal/day I ,408 gal/day Screening High Service pumps 3 inch 
only Filtration Hydro-pneumatic diameter and 
Disinfection tank 850 fllong 
Table 6.15 Summary of Costs and Benefits for Various Options for Scenario l - Individual Structure (Commercial) 
Collection Storage Cost u Land Treatment Distribution User's Total Total 
System Cost Cost Facility System Connection Denefits 
Capital O&M Capital O&M ($) Capital O&M Capital O&M Capital($) Capital Annual Cost per (S/yr) 
($) ($/yr) ($) ($/yr) ($) ($/yr) (S) ($/yr) ($) cost • I ,000 gal 
Commercial 
uses only 344,240 650 117,670 560 15,000. 97,950 20,150 68,830 2,090 N/A 643,690 51,070 163.86 18,245 
' Storage cost for flood control uses 
• Total annual cost exclude the collection cost 
v. 
.j:.>. 
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6.4 Scenario 1- Individual Structure (Industrial) 
Location/Site: 
Characteristics: 
Soybean Oil Refining Facility, Hull Avenue, Des Moines, Iowa 
(within the Dean's Lake drainage basin). 
Industrial, (58 acres), agricultural-based industry, oil refming from 
soybean. 
6.4.1 Stormwater Collection System, Water Demand and Storage 
Runoff calculations, storage tank sizing were obtained from Battelle and ISU report (1999). 
The collection system had 15 different pipes in the study area. The total pipe length was 4,300 ft and 
the number of manhole/inlet was 15. The pipe sizes are summarized in Table 6.16. 
The total water demand for the industrial facility was provided by Des Moines Water Works. 
The monthly water demand for this facility in 1997 is summarized in Appendix B. The total annual 
consumption for 1997 was approximately 182,272,640 gallons. The available collected runoffvolume 
would only meet about 12% of the water demand for this industrial site. Therefore, whatever water 
that can be captured within the boundaries of the facility will be reused and this volume would be the 
volume of potable water saved. This would mean that for certain months of the year with low rainfall, 
all the water has to come from potable sources. Table 6.17 provides a summary of water use and 
savings in potable water. 
For this scenario, the average day demand rate during the peak month was 1 ,078, 7 50 gpd 
(peak month divided by 30 days). The design nonpotable supply rate, based on total available runoff 
was 129,450 gal/day. The volume of388,940 gallons (1.2 acre-feet) was used as the storage volume 
for reuse. The storage basin volume for flood control was estimated to be 317,988 cu. ft. (7 .3 acre-
feet). Since the volume for flood control was larger than the reuse volume, the flood control volume of 
31 7,988 cu. ft. was used as the basis for the construction of the storage basin. The shape and location 
of the storage basin is shown in Figure 6.4. The surface area of the storage pond was 0.36 acre and the 
depth was 20ft. The basin right of way area was 0.55 acre. 
6.4.2 Treatment Methods 
The rate of demand for the average day/peak month was estimated to be 129,450 gpd and was 
used to size the treatment system. For a peak day factor of2.0, the design flow rate for the intake and 
treatment system was 180 gpm. The raw water intake pumps were sized for 180 gpm at 50 feet TDH. 
Two pumps were included in order to provide a reliability factor. 
For this system the calculated filtration surface area for the microscreen was 12 ff (@15 
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gpm/fY). The filtration system consisted of two pressure filters containing thirty (30) inches of dual 
media (silica sand and anthracite), operating at 5 gpm/ft2 . For a design flow rate of 180 gpm, two 60 
inch diameter filters were required. The backwash pump (one of the high service pumps) provided a 
backwash flow rate of295-390 gpm (15-20 gpm/ft2). The sodium hypochlorite disinfection system 
with a dosing pump was sized to provide the water with 5 mg!L dosage applied pre-filtration. 
Table 6.16 Summary of Storm Sewer Pipe Size (for Flood Control) 
Pipe Diameter Pipe Length 
(in.) (ft) 
12 310 
15 300 
21 960 
27 980 
30 640 
36 300 
42 770 
48 40 
Total 4,300 
Table 6.17 Summary of Water Volume Categories for Scenario 1-
Individual Structure (Industrial) 
Volume of Water 
inches gallons cu. ft. cfs-day 1 
Annual Rainfall 29.60 46,615,240 6,231,984 
Annual Runoff 14.30 22,520,200 3,010,722 
Daily Demand --- 499,380 66,762 
Annual Demand --- 182,272,640 24,368,000 
Annual Reuse --- 22,520,200 3,010,722 
---
---
---
---
---
Required Storage 2 --- 3,913,820 577,720 6.06 
Note: The total annual runoff is less than the total annual demand for the industrial facility. 
1 cubic feet per second-day 
2 Based on the volume that may be collected for the largest storm event in ten years. 
acre-ft 
---
---
---
---
---
12.01 
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6.4.3 Nonpotable Water Distribution System 
For this scenario the treated water storage was based on 50% of the peak day demand. The 
storage volume was estimated to be 130,000 gallons. A 130,000 gallon bolted steel tank was selected. 
Two high service pumps, rated at 300 gpm and 180ft TDH, served the distribution network with 
pumped water from the treated water storage tank. The high service pumps are controlled by 
distribution pressures within the nonpotable system in the industrial facility. The system pressures was 
set for 80 psig/65 psig (max/min). Operation of the treatment process was controlled by the water 
level in the treated water storage tank. 
A total of 500 feet of distribution piping with a diameter of 6 inches was required. The length 
of excavation and backfill was 500 ft. The distribution main connects the nonpotable service to the 
building. Internal nonpotable service piping to the various process areas and any further treatment of 
the water were not considered for this scen~rio. Appropriate cross connection control devices was 
allowed within the industrial facility to prevent the possibility of inadvertent contamination. The 
nonpotable water distribution system of the study area is presented in Figures 6.4. 
6.4.4 Cost Estimation for Scenario 1 -Individual Structure (Industrial) 
The cost input data for scenario I - Industrial are presented in Table 6.18 and the cost and 
benefit estimates are presented in Table 6.19. No user's service connection was considered for this 
particular scenario since the internal plumbing will be sized by the users according to the specific 
application. The total cost and benefits summary pages from the Cost Estimation Workbook are 
presented in Appendix C. 
Table 6.18 Summary of Input Data for Scenario 1 - Individual Structure (Industrial) 
Water Demand 
Daily peak factor = 1 Treatment Distribution System 
Hourly peak factor= 1.33 
Reuse Peak Annual Avg · Processes Selection Processes Selection Distribution 
Option month/Avg day Demand Pipe 
day Demand 
Industrial 129,450 59,925 Raw water pumping Storage tank 6" at 500ft 
uses only gal/day gal/day Screening High Service pumps long 
Filtering Hydro-pneumatic 
Disinfecting tank 
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Figure 6.4 Nonpotable Water Distribution System for Scenario 1 - Individual Structure (Industrial) 
Table 6.19 Summary of Costs and Benefits for Various Options for Scenario 1 -Individual Structure (Industrial) 
Collection system Storage Cost Land Treatment Distribution User's Total Total 
Cost Cost Facility System Connection Benefits 
Capital O&M Capital O&M ($) Capital O&M Capital O&M Capital($) Capital Annual Cost ($/yr) 
($) ($/yr) ($) ($/yr) ($) ($/yr) ($) ($/yr) ($) cost $11,000 
($/yr)* gal 
Industrial 
uses only 215,760 410 252,020 1,190 13,250 182,240 20,150 58,970 2,730 NIA 722.240 71,880 4.24 60,655 
c, Storage cost for flood control uses 
* Total annual cost exclude the collection cost 
Vl 
\0 
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6.5 Scenario 2 - Subcatchment Residential Area (5 Acres or Less) 
Location/Site: 
Characteristics: 
Three Lakes Estates, Des Moines, Iowa, on the southern part of Des 
Moines, part of the Easter Lake Drainage basin. 
Residential, (5 acres or less), 18 single-family homes. 
6.5.1 Stormwater Collection System, Water Demand and Storage 
The stormwater collection system as designed consisted of9 different pipes in this study area. 
The total pipe length was 1,190 ft and the number of manhole/inlet was 9. The pipe sizes are 
summarized in Table 6.20. The average annual rainfall was 29.6 inches while the calculated annual 
runoff was 10.6 inches for the study area. 
Total annual nonpotable water demand for this scenario was 930,541 gallons. For irrigation 
only, the annual demand was 301,398 gallons. For this scenario, average day demand for the peak 
month for irrigation only was 1,970 gal/day. The average day demand for the total reuse was 3,694 
gal/day. The calculated volumes of the stormwater storage basin, using the residual Mass Tabulation 
Method, were 283,480 gallons (0.87 acre-feet) for total combined use and 55,390 gallons (0.17 acre-
feet) for outdoor use only. The required retention basin volume for flood control was 43,090 gallons 
(0.13 acre-feet). The volume of283,480 gallons (0.87 acre-feet) was used as the basis for the 
construction of the storage basin. The location of the storage basin is shown in Figure 6.5. The 
surface area ofthe storage basin was 0.10 acre (about 70ft x 70ft) and the depth was 10 feet. The 
basin right ofway area was 0.13 acre (76ft x 76ft). A summary ofthe water demand, reuse, and 
savings in potable water is presented in Table 6.21. 
Table 6.20 Summary of Storm Sewer Pipe Sizes - Scenario 2 
Pipe Diameter Pipe Length 
(in.) (ft) 
6 300 
8 440 
10 140 
12 150 
15 60 
18 100 
Total 1,190 
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Table 6.21 Summary of Water Volume Categories for Scenario 2-
Subcatchment Residential Area (5 acres or less) 
Categories inches 
Annual Rainfall 29.6 
Annual Runoff 10.6 
Annual Total Demand ---
Annual Reuse Volume (Option 2i ---
Annual Reuse Volume (Option 1 i ---
Retention Basin Volume (Option 2) 2 ---
Retention Basin Volume (Option 1)3 ---
1 cubic feet per second-day 
2 stormwater used for outdoor demands and toilet flushing 
3 stormwater used only for outdoor demands 
6.5.2 Treatment Methods 
Volume ofWater 
gallons cu. ft. cfs-day 1 
2,246,940 300,388 ---
930,541 124,404 ---
301,398 40,294 ---
832,400 111,283 1.29 
186,130 24,883 0.29 
acre-ft 
---
---
---
2.55 
0.57 
The average day demand rate based on the estimated total annual use was 3,690 gpd. A peak 
day factor of 2. 0 was used resulting in raw water pump rate and treatment design flow rate of 7,3 80 
gpd or 4.0 gpm. A design flow rate of 4.0 gpm was used. For the irrigation only option, the peak 
month/average day and peak day demand rates were 1,970 gpd and 3,940 gpd (2.74 gpm), 
respectively. A summary of the treatment design is presented in Table 6.22. 
6.5.3 Nonpotable Water Distribution System 
The peak hour rate was estimated to be 12 gpm (average flow rate of2.4 gpm times a PF of 
5.0). By following the criteria for the design of the distribution system in Chapter 4 (Section 4.5), the 
nonpotable water distribution system for Scenario 2 was sized and a summary of the distribution 
system is presented in Table 6.23. The sketch ofnonpotable water distribution system of the study 
area is presented as shown in Figures 6.5. 
" 
Nonpoloble distribution llno 
Figure 6.5 Nonpotnble Water Distribution System for Scenario 2 - Subcatchment Residential Area (5 Acres or Jess) 
. •' 
0"1 
N 
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Table 6.22 Summary of Treatment Process Design Information for Scenario 2 
Two Raw 
Water Intake One Screen Two Pressure Filters @ 5 
Options Pumps 120-200 mesh gpm/ft2 Hypochlorite 
TDH=30ft Max. flow 100 36 inches Dual Media Disinfection 
gpm Depth 
Flow Rate Flow Rate Flow Rate Size (in.) Dosage (mg!L) 
(gpm) (gpm) (gpm) 
Option 1 
irrigation only 3 3 N/A N/A 5 
Option 2 
irrigation & 5 3 5 15 5 
toilet flushing 
Option 3 irrigation & fire 
fighting only 3 3 N/A N/A 5 
Option 4 
irrigation, toilet flushing 5 5 5 15 5 
and fire fighting 
Option 5 
fire fighting only N/A N/A NIA N/A N/A 
Table 6.23 Summary of Distribution System Design Information for Scenario 2 
Treated" Two High Hydro- Main Excavation, Hydrant 
Water Service Pumps pneumatic Distribution Backfill 
Storage TDH= 160ft Tank" Pipe (2' wide, 6' 
Option Tank deep) 
Volume Flow Rate Volume Size Length Length Quantity 
(gallon) (gpm) (gallon) (in) (ft) (ft) 
Option 1 
irrigation 300 7 200 3 820 820 N/A 
only 
Option 2 
irrigation & 800 15 200 3 820 820 N/A 
toilet flushing 
Option 3 
irrigation & 60,500 7 & 500 N/A 8 820 820 1 
fire fighting 
only 
Option 4 
irrigation, 
toilet flushing 61,000 15 & 500 N/A 8 820 820 1 
and fire 
fighting 
Option 5 
fire fighting 60,000 500 N/A 8 820 820 1 
only 
" combined volume of storage and hydro-pneumatic tanks provides required storage for peak demands. 
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6. 5.4 User Service Connection Design for Scenario 2 
Connections to the distribution main was assumed to be made with a 1 inch corporation stop 
(ball valve) tap using an appropriate tapping saddle. A one inch copper pipe (Type K) connects to a 
one inch curb box ball valve at the property line. A standard 5/8 x 3/4 inch positive displacement 
meter was installed inside the home to meter nonpotable usage. Another 40 ft of 3/4 inch copper pipe 
(Type M) was assumed for internal plumbing from the water meter to the toilets and 10 ft of 3/4 inch 
copper (Type M) to the irrigation service located outside of the house. For this scenario, there were 
18 curb boxes and 18 water meters needed, one for each residential unit. The total length of external 
PVC pipe service line was 720ft. Excavation and backfill needed for the installation of the external 
connection was also 720 ft. Total length of internal copper service plumbing was 720 ft. A summary 
of the user service connection design parameters is presented in Table 6.24. 
Table 6.24 Summary of User's Nonpotable Service Connection Design for Scenario 2 
Number of Excavation, 
Options Service Water Meter External Service Backfill and Internal Service 
Connections PiiJing Compaction Piping 
Quantity Quantity Size Length Size Length Length Size 
(in.) (ft) (in.) (ft) (ft) (in.) 
Option 1 
irrigation only 18 18 3/4 720 1 720 180 3/4 
Option 2 
irrigation & 18 18 3/4 720 1 720 720 3/4 
toilet Flushing 
Option 3 
irrigation & 18 18 3/4 720 1 720 180 3/4 
fire fighting 
only 
Option 4 
irrigation, 
toilet, and fire 18 18 3/4 720 1 720 720 3/4 
fighting 
Option 5 
fire fighting NIA N/A N/A NIA N/A N/A N/A N/A 
only 
6.5.5 Cost Estimation ofNonpotable Water Reuse for Scenario 2 
The input data for Scenario 2 are presented in Table 6.25 and the summary of the cost and 
benefit estimates are presented in Table 6.26. The total cost and benefits summary pages from the 
Cost Estimation Workbook are presented in Appendix C. 
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Table 6.26 Summary of Costs and Benefits for Various Reuse Options for Scenario 2 
Reuse Collection Storage Cost • Land Treatment Distribution User's Total 
Option System Cost Cost Facility System Connection 
Capital O&M Capital O&M ($) Capital O&M Capital O&M Capital($) Capital Annual 
($) ($/yr) ($) ($/yr) ($) ($/yr) ($) ($/yr) ($) cost 
($/yr) * 
Option I 
irrigation 1,438 10 52 41,010 11,960 57,830 2,080 35,700 182,730 26,890 
only 
Option 2 
irrigation & 8,770 40 260 85,840 20,230 58,760 2,100 41,480 241,810 40,790 
toilet 
flushing 
Option 3 
irrigation 1,438 10 52 41,010 11,960 152,970 2,080 35,400 277,570 35,840 
and fire 46,700 90 
protection 
Option 4 
irrigation, 
fire 8,770 40 260 85,840 20,230 153,620 2,100 41,480 336,670 49,740 
protection 
and toilet 
flushing 
Option 5 
fire 1,438 10 52 47,410 N/A 152,240 2,070 N/A 247,840 21,060 
protection 
only 
Option 6 
recreation 1,438 10 52 N/A N/A N/A N/A N/A 48,190 150 
and flood 
control 
• Storage cost for flood control uses 
• Total annual cost was excluded the collection system cost 
Cost 
$1 
1,000 
gal 
104.11 
48.68 
133.80 
58.30 
N/A 
N/A 
Total 
Benefits 
($/yr) 
813 
2,165 
813 
2,165 
165 
165 
0\ 
0\ 
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6.6 Scenario 3- Residential (Mixed Population Densities) 
Location/Site: 
Characteristics: 
Easter Lake Development, Des Moines, Iowa (within the Easter Lake 
drainage basin). 
Residential, (879 acres) with mixed population density. The area 
consists of510 single-family home of 1/4 to 113 acre lots, 66 single-
family homes of2-5 acre lots and 32 apartment buildings with 12 to 
24 apartments per building. This site has nine detention ponds for 
flood control, and for aesthetic reasons and recreational use. 
6.6.1 Stormwater Collection System, Water Demand and Storage 
The study area consists of a variety of residential land use - from low density (2-5 acre lots) to 
apartment homes. Three retention basins were already constructed and incorporated into the land 
development by the developer for flood control and for other beneficial uses such as recreational and 
fishing. Three additional retention ponds ~e currently under construction. Runoff calculations, 
storage tank sizing were obtained from Battelle and ISU report (1999). The breakdown of land uses 
and population density is represented in Table 6.27. 
Table 6.27 Breakdown of Population Density and Land Uses (Smith, 1983) 
Land Uses Area Density (people/acre) Unit Density (people/unit) 
Low density 3.3 3.3 
Medium density 12 3.3 
High density 50 2.5 
The total pipe length of the collection system was 32,810 ft and the manhole/inlet quantity was 
134 (Battelle and ISU, 1999). The 25-year design flow was used for storm sewer pipe sizing for flood 
control. The pipe sizes selected are summarized in Table 6.28. The daily rainfall data for 10 
consecutive years (1988-1997) were used for runoff calculations. The average annual rainfall was 29.6 
inches while the calculated annual runoff was 4.8 inches for the study area. 
The water reuse demand, outdoor uses and toilet flushing, for each month are presented in 
Appendix B. To calculate the total water demand for Scenario 3, a water demand of342 gal/day for a 
single family home was used along with the breakdown of population density and land uses as in Table 
6.27 (Mallory, 1973; Smith, 1983). Daily average outdoor uses was assumed at 400 gal/acre-day. 
Based on the typical water use for a single family home (presented in Appendix A), the total annual 
nonpotable water demand for this scenario was 52,909,769 gallons. Outdoor uses, generally irrigation, 
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were assumed to be from April15 to September 15, while toilet flushing was required all year round. 
The average day demand for irrigation only, and for the total reuse, were 95,900 gpd and 200,700 gpd, 
respectively. For fire fighting purposes, a flow rate of 500 gpm for 2 hours was specified. Table 6.29 
summarizes the water demand, reuse and savings in potable water. 
Table 6.28 Summary of Stormwater Pipe Sizing (for flood control) 
Pipe Diameter (in.) Pipe Length (ft) 
10 660 
12 2,900 
15 6,410 
18 4,060 
21 9,710 
24 2,540 
27 3,230 
30 780 
36 1,740 
42 780 
Total 32,810 
Table 6.29 Summary of Water Volume Categories for Scenario 3-
Residential (Mixed Population Densities) 
Volume ofWater 
Categories 
Inches gallons 
Annual Rainfall 29.60 706,462,000 
Annual Runoff 4.80 114,561,400 
Annual Demand --- 213,729,000 
Annual Reuse Volume ( Option 2 ) 2 --- 52,909,769 
Annual Reuse Volume ( Option 1 )3 --- 14,671,843 
Retention Basin Volume ( Option 2 ) 2 --- 86,665,100 
Retention Basin Volume (Option 1 )3 --- 88,625,400 
1 cubic feet per second-day 
2 stormwater used for outdoor demands and toilet flushing 
3 stormwater used only for outdoor demands 
cu. ft 
94,446,792 
15,315,696 
14,286,698 
7,073,498 
1,961,476 
11,586,240 
11,848,320 
cfs-day 1 
---
---
---
---
---
134.10 
137.13 
Acre-ft 
---
---
---
---
---
265.98 
272.00 
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6.6.2 Treatment System 
A single treatment facility was assumed for this study. This single facility was sized to meet 
the total peak day demand for the entire developed area. A peak day factor of2.0 was applied to the 
average day demand for the peak month (200,656 gpd) yielding an estimated peak day demand of 280 
gpm ( 401,312 gpd). The design information of the treatment system for Scenario 3 are shown in Table 
6.30. 
6.6.3 Nonpotable Water Distribution System 
A peak hour demand factor of7.0 was used to size the distribution system. The peak hour rate 
was estimated to be 980 gpm (average flow rate 140 gpm times a PF of7.0). The treated water storage 
volume was estimated to be 84,000 gallons. This volume represents about 40% of the average day 
nonpotable demand. The system pressure was set at 80 psig/60 psig (max/min). Two high service 
pumps each rated at 980 gpm at 180 feet TDH are needed for this scenario. Each pump can provide 
the required service during peak hour demand, while the second pump provided filter backwash, 
standby fire flow, and redundant firm capacity. If fire flow protection was included the size of the 
storage tanks was increased to approximately 150,000 gallons. 
Table 6.30 Summary of treatment process design information for Scenario 3 
Two Raw Water One Screen Two Pressure Filters @ 
Reuse Options 
Intake Pumps 120-200 mesh 5gpmlff Hypochlorite 
TDH= 50ft Max. flow 600 gpm 36 inches Mix Media Depth Disinfection 
Flow rate Flow rate Flow rate Diameter Dosage 
(gpm) (gpm) (gpm) (ft) (mg!L) 
Option I 
irrigation only 140 140 N/A N/A 5 
Option 2 
irrigation & 280 280 280 6.0 5 
toilet flushing 
Option 3 
irrigation & 140 140 N/A N/A 5 
fire fighting 
only 
Option 4 
irrigation, 
toilet flushing 280 280 280 6.0 5 
and fire 
fighting 
Option 5 
fire fighting N/A N/A N/A N/A N/A 
only 
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The preliminary non potable water distribution system of Scenario 3 is presented as shown in 
Figure 6.6. The area north of Army Post road is used for high density (12-24 plex apartments and 
town homes) residential housing units. The area south of Army Post road and in the west and central 
portions of the study area was developed for mid-density residential housing. The low density 
residential housing units (large 2-5 acre lots and 3,000-5,000 ff homes) are located in the east central 
portion of the study area (around retention basins 6, 7, and 8. A summary of the distribution system 
design for Scenario 3 is presented in Table 6.31. 
Table 6.31 Summary of Distribution System Design Information for Scenario 3 
Treated Two High Hydro- Main Distribution Excavation, Hydrant 
Water Service pneumatic Pipe Backfill and 
Storage Pumps Tank Compaction 2' 
Options Tank TDH =180ft wide, 6' depth 
Volume Flow rate Volume Diameter Length Length ft Quantity 
gallons gpm gallons in. ft 
3 3,690 
Option 1: 4 27,310 
irrigation 40,000 466 7,000 6 16,230 60,900 
N/A 
only 
8 13,670 
Option 2: 3 3,690 
irrigation & 4 27,310 
toilet flushing 84,000 980 14,650 6 16,230 60,900 
N/A 
8 13,670 
Option 3: 
irrigation & 99,956 966 N/A 8 60,900 60,900 74 
fire fighting 
only 
Option 4: 
irrigation, 144,000 1,475 N/A 8 60,900 60,900 74 
toilet flushing 
and fire 
fighting 
Option 5: 
fire fighting 60,000 500 N/A 8 60,900 60,900 74 
only_ 
6.6.4 User Service Connection Design for Scenario 3 
In this scenario, the total length ofl inch copper pipe for external service lines was 25,840 ft. 
For low density and medium density residential area, 40ft of3/4 inch copper pipe (Type M) was 
assumed for internal plumbing for toilet uses and 10 ft. for the irrigation service connection at each 
unit home. In this Scenario, the length of internal plumbing for low density and medium density area 
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was estimated at 23,040 ft for toilet uses and 5,760 ft for irrigation service use. For high density 
residential area, 200ft of 1/2 to 3/4 inch copper pipe (Type M) was assumed for internal plumbing for 
toilet uses and 10ft for the irrigation service uses in each unit apartment. For this particular scenario, 
the length of internal plumbing for high density area was estimated to be 14,000 ft for toilet uses and 
700 ft for irrigation service uses. There were 646 curb boxes and 646 water meters required for this 
scenario, one for each home or multi-family housing unit. A summary of the user's service connection 
design parameters are presented in Table 6.32. 
Table 6.32 Summary of User's Service Connection Design for Scenario 3 
Number of Water Meter External Service Excavation, Internal 
Connection Pipe Backfill and Plumbing 
Options Compaction 
Quantity Quantity Size Length Diam. Length Length Size 
in. ft in. ft ft in. 
Option 1 Y:!-
irrigation only 646 646 3/4 25,840 1 25,840 ft 6,460 %" 
Option 2 Y:!-
irrigation & 646 646 3/4 25,840 1 25,840 ft 37,040 %" 
toilet flushing 
Option 3 Y:!-
irrigation & 646 646 3/4 25,840 1 25,840 6,460 3;4" 
fire fighting 
only 
Option 4 
irrigation, Y:!-
toilet flushing 646 646 3/4 25,840 1 25,840 37,040 %" 
and fire 
fighting 
Option 5 
fire fighting N/A NIA N/A N/A N/A N/A N/A N/A 
only 
6.6.5 Cost Estimation ofNonpotable Water Reuse for Scenario 3 
A summary of the cost input data for Scenario 3 are presented in Table 6.33 and a summary 
of the cost and benefits estimates are presented in Table 6.34. The total cost and benefits summary 
pages from the Cost Estimation Workbook are presented in Appendix C. 
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Figure 6.6 Nonpotable Distribution System for Scenario 3: Residential (Mixed Population Densities) 
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Table 6.33 Summary of Cost Estimation Input Data for Scenario 3 - Residential (Mixed Population Densities) 
Water Demand Treatment Distribution System User's Service Connections 
Reuse Option Peak day factor = 2 
Peak Annual Avg Distribution External Internal 
month/ A vg day day demand, Process Selection Process Selection pipe I" pipe, W'pipe, Other 
demand, gpd gpd (Diameter, ft ft 
Length) 
Option I Flow @ 140 gpm: Storage tank 3"= 3,690 ft 646 water 
irrigation only 95,894 40,197 Raw water pumping High Service Pumps 4"= 27,310 ft 25.840 6,460 meters & 
Screening llydro-pneumatic tank 6"= t6,23o n 646 curb 
Disinfecting 8"= 13,670 ft boxes 
Option 2 Flow @ 280 gpm: Storage tank 3"= 3,690 ft 646 water 
irrigation & Raw water pumping High Service Pumps 4"= 27,310 ft meters & 
toilet flushing 200,656 144,958 Screening Hydro-pneumatic tank 6"= 16,230 ft 25,840 37,040 646 curb 
Filtering 8"= 13,670 ft boxes 
Disinfecting 
Option 3 Raw water pumping Storage tank 646 water 
irrigation & Screening High Service Pumps 8"= 60,900 ft 25,840 6,460 meters & 
fire fighting 95,894 40,197 Disinfecting Hydro-pneumatic tank 74 hydrants 646 curb 
only boxes 
Option 4 Raw water pumping Storage tank 646 water 
irrigation, 200,656 144,958 Screening High Service Pumps 8"= 60,900 ft 25,840 37,040 meters & 
toilet flushing Filtering Hydro-pneumatic tank 74 hydrants 646 curb 
and fire Disinfecting boxes 
fighting 
Option 5 N/A N/A N/A Storage tank 8"= 60,900 ft N/A N/A N/A 
fire fighting High Service Pumps 74 hydrants 
'--o_ll_ly__ ---- ------- - ---- --- . --------- -- -- -· -------------
-.) 
w 
iJ 
Table 6.34 Summary of Costs and Reuse Options for Scenario 3- Residential (Mixed Population Densities) 
Collection land Trcauncnt 
System Cost Storage Cost Cost Facility 
Options Capital O&M Capital O&M Capital O&M 
($ 1,000) (SK/yr) ($1,000) (SK/yr) (SKI ($1,()(){)) ($K/yr) 
Option I 
Irrigation only 1,499.1911 7.0811 13.28 51.23 12.62 
I Jptinn 2 
Irrigation & toilet 4,420.23 20.86 31.82 368.05 27.06 
flushing 
Option) 
Irrigation and fire 1,499.1911 7.08n 13.28 51.23 12.62 
protection 
Option 4 13,822 2.61 
Irrigation, lire 
protection and toilet 4,420.23 20.86 31.82 368.05 27.06 
flushing 
Option 5 
lire protection only 1,499.1911 7.0811 13.28 47.41 N/A 
Option 6 Recreation 
and Flood Control 1,499.19° 7.08° 13.28 N/A N/A 
The cost of the collection system was excluded from the annual cost 
Storage cost for flood control uses 
Distribution User's 
System Connections Total Cost Summary' 
Capital O&M Capital Capital Annual cost Unit Cost 
($ I,(KIO) (SK/yr) ($1,(1()(1) ($ 1,()()(1) ($ I,()(JO/yr) ($/1000 gal) 
1,912.83 2.52 1,290.01 6,148.74 472.15 41.25 
1,977.82 3.66 1,645.32 9,825.44 848.56 18.55 
2,779.72 2.52 1,290.01 7,015.63 553.98 46.83 
2,836.44 3.66 1,645.32 10,684.0 929.61 20.08 
6 
2,718.23 2.07 N/A 5,660.31 412.97 N/A 
N/A N/A N/A 2,894.67 149.85 NIA 
Total 
Benefit 
( S lllOO/yr) 
292.34 
374.55 
292.34 
374.55 
260.79 
260.79 
i 
-.l 
~ 
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6. 7 Scenario 4 - Variable Zoning 
The study area consisted of a variety of land use-- from residential (medium and high 
density), industrial, commercial and warehousing. Four detentions basins, constructed for flood 
control, currently exist in this study area. The current detention basins were constructed to reduce the 
peak runoff discharge and were emptied after the storm event. These basins would be converted to 
retention basins with the stored storm water now available for a variety of reuse applications. The 
location of this scenario was at the Dean's Lake Catchment Basin, Des Moines, Iowa. The 
characteristics of this area are a mixed land use with industrial, residential (medium to high density), 
institutional (retirement homes) and commercial area. The total area is approximately 1,800 acres. 
6. 7.1 Stormwater Collection System, Water Demand and Storage 
Runoff calculations, storage tank sizing were obtained from Battelle and ISU report (1999). 
The average annual rainfall was 29.6 inches while the calculated annual runoff was 11.8 inches for the 
study area. Storm sewer for flood control are already present in the study area for Scenario 4. The 
storm sewer pipe was sized to control25-year flood in Dean's Lake drainage area. A summary of 
existing pipe sizes is presented in Table 6.35. The total number of manholes was about 422 and the 
number of intakes was about 530. These stormwater collection system information along with the 
stormwater storage basin informations were obtained from Battelle and ISU report (1999). 
The total water demand for this study area was estimated using several approaches. To 
calculate the total residential water demands for Scenario 4, a residential water demand of342 gal/day 
for a single family home along with the breakdown of population density and land uses was assumed 
(see Table 6-27). A list of the 100 largest water users in Des Moines was provided by the Des Moines 
Water Works. Based on this list, the high water users for this area were identified and individual 
monthly water demand usage was obtained from the Des Moines Water Works. In addition to this 
approach, a reconnaissance of the Dean's Lake area was conducted and various industries and 
institutional facilities were identified. Monthly water demands for these facilities were obtained from 
the Des Moines Water Works customer database. Since it was not possible to account for all the 
water users, a factor of30% was added to account for any facilities that were left out. 
A total annual reuse demand of372,256,260 gallons was estimated for this scenario. For 
firefighting purposes, a base fire flow requirement of 500 gpm for 2 hours was used. The total annual 
water demand and the total annual reuse demands for the four sub-basins are summarized in Table 
6.36. 
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Table 6.35 Summary of Storm Sewer Pipe Size 
Pipe Diameter (in.) Pipe Length (ft) 
4 3,370 
6 2,590 
8 1,150 
10 3,820 
12 2,790 
15 32,020 
18 16,670 
20 850 
21 910 
24 31,780 
27 800 
28 1,110 
30 10,520 
33 390 
36 20,880 
40 60 
42 5,790 
48 5,110 
51 60 
54 210 
60 780 
66 270 
72 900 
78 1,030 
96 1,520 
120 4,980 
Table 6.36 Summary of Total and Reuse Water Demands for Scenario 4- Variable Zoning 
Deans Lake Drainage Basin, Des Moines, lA 
Annual Total Water Demand (gallons) Annual Total Reuse Demand (gallons) 
Sub-basin Residential Industrial Total Residential Industrial Total 
Hull Avenue 14,637,370 415,982,024 430,619,400 4,663,087 250,393,680 255,056,767 
Guthrie Ave 94,121,820 44,263,648 138,385,468 39,588,659 22,315,608 61,904,267 
Mattern Ave 38,946,960 3,170,024 42,116,984 16,368,388 951,007 17,319,395 
Washington Ave 82,013,310 11,436,396 93,449,706 34,544,912 3,430,919 37,975,831 
Total 229,719,460 474,852,092 704,571,600 95,165,046 227,091,214 372,256,260 
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A spreadsheet template (Microsoft Excel) for computing the nonpotable demand for this 
scenario is illustrated in Appendix B. In this scenario, industrial and commercial use are included in 
reuse Options 1, 2, 3, and 4. The annual average daily demand for nonpotable reuse water was 
approximately I ,020,000 gal/day. The demand for nonpotable reuse water during the peak month was 
1,679,080 gaVday. Based on a peak day/average day demand ratio of2.0, the peak day demand was 
calculated to be 2,040,000 gal/day (1,417 gpm). 
The volumes of the four existing stormwater detention ponds are presented in Table 6.37. For 
comparison purposes, these volumes were checked against the required storage volumes for 
stormwater reuse computed by the Residual Mass Tabulation Method (Battelle and ISU, 1999). The 
volumes of the existing stormwater retention basins were found to be sufficient to meet the 
requirements for non potable water demand. A summary of annual rainfall, runoff, water demands, and 
retention basin volumes is presented in Table 6.38. 
Table 6.37 Description of Existing Detention Basins (after Brice, Petrides and Associates, Inc., 
1984) and Storage Calculations of Stormwater Reuse Ponds 
Basin Depth Surface Area Volume Storage for Reuse 
Existing Pond and Location (ft) (acres) (acre-ft) (acre-ft) 
I. Hull Avenue@ 1-235 16 9 105 41.7 
2. Guthrie Ave. @ E. 20th Street 17 7 85 7.4 
3. Mattern Ave. 11 4 29 3.3 
4 Washington Ave. 18 3 34 11.2 
Total 253 63.6 
6. 7.2 Treatment Methods 
Based on a preliminary assessment, the alternative selected for this scenario was a single 
treatment facility for the entire study area. Some initial capital costs plus O&M would be saved in this 
case. The treatment facility was located adjacent to retention basin #2 (Guthrie Ave basin) to provide 
nonpotable water for the whole scenario. This location is roughly in the center of the demand service 
area. Treatment processes were sized to meet the peak day demand rate during the peak month. A 
peak day demand factor of2.0 was used for this Scenario. A summary of the peak day design rates for 
the respective reuse options is included in Table 6.39 and a summary of the treatment design is 
presented in Table 6.40. 
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Table 6.38 Summary of Water Volume Categories for Scenario 4- Variable Zoning 
Deans Lake Drainage Basin, Des Moines, lA 
Volume of Water 
m. Gallons cu. ft. cfs-day 1 acre-ft 
Annual Rainfall 29.60 1,446,679,870 193,406,400 --- ---
Annual Runoff 11.80 576,716,970 77,101,200 --- ---
Total Annual Demand --- 704,572,000 93,582,888 --- ---
Annual Reuse Volume (I) 2 --- 372,256,261 49,766,880 --- ---
Annual Reuse Volume (II) 3 --- 307,199,215 41,069,414 --- ---
Annual Reuse Volume (III) 4 --- 95,165,046 12,722,600 --- ---
Annual Reuse Volume (IV) 6 --- 277,091,214 37,044,280 --- ---
Annual WWF Reduction (I 2 --- 372,256,261 49,766,880 --- ---
Annual Potable Water Saving (I) --- 372,256,261 49,766,880 --- ---
Retention Basin Volume (I) 5 --- 20,725,940 2,770,848 32.07 64 
Available Storage --- 324,971,400 43,445,376 502.84 253 
1 cubic feet per second-day 
2 Option 2: reuse for residential (outdoor demands & toilet flushing) plus industrial and commercial 
3 Option 1 : reuse for irrigation plus commercial/industrial use 
4 Reuse for residential use only (irrigation and toilet flush) 
5 Required volume to meet total reuse demand (I) 
6 Annual demand for industrial\commercial reuse only 
Table 6.39 Annual Average Day and Peak Day Demand Rates for Scenario 4 Reuse Options 
Reuse Option Annual Average Day Peak Day Demand Peak Day Demand 
Demand (gpd) (gpd) (gpm) 
Option 1 841,642 1,683,284 1,170 
Option 2 1,020,000 2,040,000 1,417 
Industrial/Commercial Only 759,154 1,518,300 1,054 
Option 1: Includes irrigation plus industrial and commercial demands 
Option 2: Includes total residential plus industrial and commercial (total reuse) 
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Table 6.40 Summary of Treatment Process Design Information for Scenario 4 
Two Raw Water One Screen Four Pressure Filters@ 5gpm/ft2 Hypochlorite 
Intake Pumps 120-200 mesh 36 inches dual Media Depth Disinfection 
Option TDH= 50ft Max. flow 3,000gpm 
Flow rate (gpm) Flow rate (gpm) Flow rate (gpm) Size Dosage (mg/l) 
Option 1 1,170 1,170 1,170 5 ft diam x 5 
12 ft lol!&. 
Option 2 1,417 1,417 1,417 6ft diam x 5 
16ft long 
Option 3 1,170 1,170 1,170 4ft diam x 12 5 
ft long_ 
Option 4 1,417 1,417 1,417 6ft diam x 5 
16ft long 
Option 5 1,170 1,170 N/A N/A 5 
Industrial & 5 ft diam x 5 
Commercial 1,054 1,054 1,054 12ft long 
only 
Optwn 1: Irngatwn only: For thts scenarw, mcludes mdustnal and commerctal reuse demands 
Option 2: Irrigation plus residential toilet flushing: For this scenario, includes industrial and commercial reuse demands 
Option 3: Option 1 plus fire protection 
Option 4: Option 2 plus fire protection 
Option 5: Includes only fire protection 
Option 6: Includes aesthetic use only 
6. 7.3 Nonpotable Water Distribution System 
The nonpotable water distribution system of the study area is presented as shown in Figure 
6.7. The treated water storage tank volume was calculated based on the difference between the peak 
hour demand rate and the peak day rate for two hour period. A peak hour factor of 4.0 was used for 
this Scenario resulting in a peak hour demand rate of2,835 gpm and a required storage volume of 
170,000 gallons for reuse option 2. A bolted steel tank design will be used in this scenario. This 
volume represents 17% ofthe average day nonpotable demand. An additional storage volume of 
60,000 gallons would be required if fire protection is desired. 
High service pumps delivered a flow of2,850 gpm for total nonpotable uses. Three high 
service pumps, each sized at 1,400 gpm at 180 ft TDH, would serve the non potable system. A hydro-
pneumatic tank was included with the high service pumps to provide control of pressure head in the 
system. An alternative to the hydro-pneumatic tank would be a steel standpipe ( 4 ft diam x 160 ft 
high) located adjacent to the treatment facility. 
The total length ofthe distribution system was measured at 159,870 ft, and was measured from 
the existing utility and street base map for the Dean's Lake drainage basin by AutoCAD. Different 
sizes and length of distribution piping were determined for the nonpotable system and are summarized 
in Table 6.41. This piping system was used for all ofthe reuse options. Fire flows were checked at 
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various locations using the EPANET program. Hydrants were spaced at 600-800 feet to provide 
coverage of the system. In this particular scenario, 96 hydrants were provided for fire protection. A 
summary of the distribution system design for Scenario 4 is presented in Table 6.42. 
6. 7.4 User Service Connection Design for Scenario 4 
There were 1 ,810 curb boxes and 1 ,81 0 water meters for this scenario, one for each residential 
(medium & high density) connection. Excavation and backfill needed for the installation of the 
external connection was also 72,400 ft according to the length of external 1 inches PVC pipe. Total 
length of internal service plumbing was 72,400 ft, which included 18,100 ft of 3/4" copper connected 
to the irrigation service point and 54,300 ft of 112" copper to the toilets. Service connections to 
industrial and commercial sites would be varied from site to site. Therefore, the industrial and 
commercial service connections were excluded from the design in this study area. The summary of the 
user service connection design parameters are presented in Table 6.43. 
6. 7.5 Cost Estimation of Nonpotable Water Reuse for Scenario 4 
The cost input data for Scenario 3 are presented in Table 6.44 and a summary of the cost and 
benefit estimates for the various options are presented in Table 6.45. The total cost and benefits 
summary pages from the Cost Estimation Workbook are presented in Appendix C. 
Table 6.41 Sizes and Lengths ofNonpotable Distribution Mains for Scenario 4 
Diameter of distribution pipe (in.) Length of distribution pipe (ft) 
4 1,017 
6 33,230 
8 98,366 
10 24,595 
12 2,663 
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Table 6.42 Summary of Nonpotable Distribution System Design Information for Scenario 4 
Treated Three High Main Excavation, Backfill and Hydrants 
Water Service Pumps Distribution Compaction (2' wide, 6' depth) 
Option Storage Tank TDH =180ft Piping 
Volume Flow rate Diameter Length Length Quantity 
(gallons) (gal/min) (in.) (ft) (ft) 
4 1,017 
6 33,230 
Option I 140,000 1,200 8 98,366 159,870 N/A 
10 24,595 
12 2,663 
4 1,017 
6 33,230 N/A 
Option 2 170,000 1,500 8 98,366 159,870 
10 24,595 
12 2,663 
8 132,613 
Option 3 200,000 1,200 10 24,595 159,870 96 
12 2,663 
8 132,613 
Option 4 230,000 1,500 10 24,595 159,870 96 
12 2,663 
8 132,613 
Option 5 60,000 500 10 24,595 159,870 96 
12 2,663 
Option 6 
Aesthetic N/A N/A N/A N/A N/A N/A 
use only 
OptiOn 1: Irngation only: For this scenano, mcludes mdustrtal and commercial reuse demands 
Option 2: Irrigation plus residential toilet flushing: For this scenario, includes industrial and commercial reuse 
demands 
Option 3: Option 1 plus fire protection 
Option 4: Option 2 plus fire protection 
Option 5: Includes only fire protection 
Option 6: Includes aesthetic use only 
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Table 6.43 Summary of User's Senrice Connection Design for Scenario 4 
Number of External Service Excavation, Internal 
Connections Water Meters 1 Line Piping 2 Backfill and Plumbing 3 
Option Compaction 
Quantity Quantity Size Length Size Length Length 
(in.) (ft) (in.) (ft) (ft) 
Option 1 1810 4 1810 3/4 72,400 1 72,400 18,100 
Option 2 1810 1810 3/4 72,400 1 72,400 54,300 
Option 3 1810 1810 3/4 72,400 1 72,400 18,100 
Option 4 1810 1810 3/4 72,400 1 72,400 54,300 
Option 5 N/A N/A NIA N/A N/A N/A N/A 
Option 6 N/A N/A N/A N/A NIA N/A N!A 
1 S1ze of meter will vary based on rndiv1dual service demand 
2 Size of service line will vary based on individual service demand (residential, commercial, industrial) 
3 Estimate of internal plumbing for residential services only 
4 Includes residential service lines only 
Option 1: Irrigation only: For this scenario, includes industrial and commercial reuse demands 
Size 
(in.) 
3/4 
3/4 
3/4 
3/4 
N/A 
NIA 
Option 2: Irrigation plus residential toilet flushing: For this scenario, includes industrial and commercial reuse 
demands 
Option 3: Option 1 plus fire protection 
Option 4: Option 2 plus fire protection 
Option 5: Includes only fire protection 
Option 6: Includes aesthetic use only 
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Figure 6.7 Nonpotable Water Distribution System for Scenario 4- Variable Zoning 
Table 6.44 Summary of Cost Input Data for Scenario 4 
Water Demand Treatment Distribution system 
Peak Day Demand factor = 2 
Peak Month/Avg Annual Avg Day Process Selection Process Selection 
Reuse option Day Demand (gpd) Demand (gpd) 
Flow@ 1,170 gpm: Storage tank@ 140,000 
Option I 1,373,740 841,641 Raw water pumping gallons; 
Screening U-S pumping: 3 @ 1.200 
Disinfection gpm; Hydro-pneumatic 
tank or Standpipe 
Flow@ 1,417 gpm: Storage tank @ 170,000 
Option2 1,679,100 1,020,000 Raw water pumping gallons; 
Screening H-S pumping: 3 @ 1,500 
Filtering gpm; Hydro-pneumatic 
Disinfection tank or Standpipe 
Option 3 1,373,740 841,641 Flow@ 1,170 gpm: Storage tank @ 200,000 
Raw water pumping gallons; 
Screening H-S pumping: 3 @ 1,200 
Disinfection gpm; llydro-pneumatic 
tank or Standpipe 
Option 4 1,679,100 1,020,000 Flow@ 1,417gpm: Storage tank @ 250,000 
Raw water pumping gallons; 
Screening H-S pumping: 3 @ 1,500 
Fillering gpm; Hydro-pneumatic 
Disinfection tank or Standpipe 
Option 5 NIA NIA Flow@ 800 gpm: Storage tank @ 80,000 
Raw water pumping gallons 
Screening H-S pumping 
Disinfection 
Option 6 NIA NIA NIA NIA 
------ ------------------ L____ ___ ------ ·-
Option I: Includes irrigation plus industrial and commercial demands 
Option 2: Includes total. residential plus industrial and commercial (total reuse) 
Option 3: Option I plus fire protection 
Option 4: Option 2 plus fire protection 
Option 5: Fire protection only 
Option 6: Recreation and flood control 
Main Piping, 
(dia., length) 
4"= 1,017 ft 
6"= 33,230 n 
8"= 98,366 n 
I 0"= 24,595 ft 
12 "= 2,663 ft 
4"= 1,017 n 
6"= 33,230 n 
8"= 98,366 ft 
10"= 24,595 ft 
12"= 2,663 ft 
6"= 31,000 ft 
8"= 16,230 ft 
IO"= 13,670 n 
12"= 2,663 n 
6"= 31.000 n 
8"= 16,230 ft 
10"= 13,670 ft 
rr= 2,663 n 
8"- 49,893 ft 
10", 13,670 ft 
96 hydrants 
NIA 
User service connections 
External I" Internal'!." 
Pipe (ft) Pipe (ft) Other 
1,810 water 
72,400 18.100 meters & 
1,810 curb 
boxes 
1,810 water 
meters & 
72,400 72,400 1,810 curb 
boxes 
1,810 water 
meters & 
72,400 18,100 1,8,10 curb 
boxes 
1,810 water 
meters& 
72,400 72,400 1,810 curb 
boxes 
NIA NIA NIA 
N/A N/A N/A 
00 
.j:>. 
Table 6.45 Summary of Costs and Reuse Options for Scenario 4 
Collection Land Treatment 
System Cost Storage Cost ' Cost Facility 
Capital O&M Capital O&M Capital 
Options (SKf ($K/yr) ($K) (SK/yr) ($K) (SK) 
Option I 
2,458.54 
Option 2 
3,203.62 
Option J 
2,458.54 
Option 4 11,152.09 21.05 12.929.18 61.02 575 
3,203.62 
Option 5 
47.41 
Option(! 
N/A 
I The cost of the collection system was excluded from the annual cost 
2 $K in terms of$ I ,000 
3 Storage cost for flood control 
Option I: Includes irrigation plus industrial and commercial demands 
O&M 
($K/yr) 
95.79 
118.05 
95.79 
118.05 
N/A 
N/A 
Option 2: Includes total residential plus industrial and commercial (total reuse) 
Option 3: Option I plus fire protection 
Option 4: Option 2 plus fire protection 
Option 5: Fire protection only 
Option 6: Recreation and flood control 
Distrilmtion User's 
System Connections Total Cost Summary 1 
Capital O&M Capital (SK) Capital Annual cost Unit Cost 
($K) ($K/yr) ($K) ($K/yr) ($/K gal) 
6,734.16 II 3.7(18.07 37,617.04 2,665.91 8.68 
6,889.81 12.8 4,465.40 39,215.09 2,840.82 7.63 
7,422.45 II 3,768.07 38,305.33 2,730.88 8.89 
1,581.55 12.8 4,465.40 39,906.83 2,906.11 7.81 
7,065.60 2.07 NIA 32,881.04 2,009.21 N/A 
N/A N/A N/A 25,768.03 1,335.72 N/A 
Total 
Bene lit 
($K/yr) 
2.478.1 K 
2,582.27 
2,4711.18 
2,582.27 
1,986.66 
1,986.66 
i 
I 
00 
Vl 
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CHAPTER 7 
BENEFIT -COST ANALYSIS OF STORMW ATER RECLAMATION AND REUSE 
An analysis of the economic feasibility of a storm water reclamation system is required to 
assess the viability of a storm water reclamation project. Determination of the economic feasibility of 
storm water reclamation projects require the use of a uniform measure for analyzing the costs and 
benefits involved. The most favorable situation occurs when the benefits exceed the costs of projects. 
An important approach in the economic analysis is to consider all costs and benefits associated with 
different alternative water reuse option or qifferent level of treated water classification. The benefit-
cost ratio, defined as the total benefit divided by the total cost is a common measurement of economic 
feasibility. In general, a project is considered to be feasible when the benefit-cost ratio is greater than 
1. Benefit-cost ratio was used throughout this Chapter for cost-benefit and feasibility analysis. 
7.1 General Observations on Benefit-Cost Analysis 
Analysis of the feasibility of the stormwater reclamation project was based on the assumption 
of a 20-year project life, a 7% interest rate, and construction in an undeveloped area. The level of 
treated water was classified as Class C for irrigation uses and fire fighting uses (option 1 and option 5), 
Class B for commercial, industrial, and residential use if the option included toilet flushing (option 2, 
option 3, and option 4). The annual equivalent benefits based on savings in potable water, recreational 
benefits of$3.50 per person per activity day, and flood control benefit-cost ratio of 1.5 were assumed. 
The annualized benefit of water saving was calculated by multiplying the volume ofnonpotable water 
used and the current potable water rates for various types of customers in the study area. For the Des 
Moines area, the water rates were ranged from $1.06 per 1,000 gallons to $2.15 per 1,000 gallons 
based on the volume of usage. The benefit-cost ration was calculated as the total annualized benefit 
divided by the total annualized cost. The annualized cost, annualized benefit and the benefit-cost ratio 
for all of scenarios and different water reuse options are summarized in Table 7 .1. Based on the results 
presented in Table 7.1, Scenario 4 (variable zoning) had the highest average benefit-cost ratios while 
Scenario 2- residential (5 acres or less) had the lowest average benefit-cost ratio. As the demand for 
reuse ofnonpotable water increased, the economic of the reclamation project appeared to improve. In 
Scenario 4, options 1 - 4 had a benefit-cost ratio of less than 1.0 while options 5 and 6 had a ratio 
greater than 1. Option 6 for all Scenario (Scenario 1- individual structure (institutional)) had a 
benefit-cost ratio greater than 1.0. This implied that the use of a stormwater basin for aesthetic, 
recreational and flood control purposes would be an economically attractive and feasible option. 
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Table 7.1 Annualized Costs, Annual Benefits and Benefit-cost Ratios for Scenario 1 to 4 
Scenarios Options* Annual Cost ($/yr) Annual Benefit ($/yr) Benefit-cost Ratio 
Scenario 1 Individual Option 1 430 85 0.19 
Option 2 1,900 160 0.08 
Institutional Option 1 35,650 3,767 0.11 
Option 2 56,830 7,684 0.14 
Option 3 47,350 3,767 0.08 
Option 4 68,470 7,684 0.11 
Option 5 23,200 3,105 0.13 
Option 6 2,280 3,105 1.36 
Commercial ** 51,070 18,245 0.36 
Industrial ~ 71,880 60,655 0.84 
Scenario 2 Residential Option 1 26,890 813 0.03 
Option 2 40,790 2,165 0.05 
Option 3 35,840 813 0.02 
Option 4 49,740 2,165 0.04 
Option 5 21,030 165 0.01 
Option 6 120 165 1.38 
Scenario 3 Residential Option 1 472,150 292,335 0.62 
Option 2 848,560 374,546 0.44 
Option 3 553,980 292,335 0.53 
Option 4 929,610 374,546 0.4 
Option 5 412,970 260,790 0.63 
Option 6 149,850 260,790 1.74 
Scenario 4t V ariab1e zoning Option 1 2,389,900 2,478,175 1.04 
Option 2 2,840,820 2,582,267 0.91 
Option 3 2,730,880 2,478,175 0.91 
Option 4 2,906,110 2,582,267 0.89 
Option 5 2,015,280 1,986,657 0.99 
Option 6 1,335,720 1,986,657 1.49 
*Option 1: Irrigation only 
Option 2: Irrigation and Toilet Flushing 
Option 3: Irrigation and Fire Fighting 
Option 4: Irrigation, Toilet Flushing and Fire Fighting 
Option 5: Fire Fighting only 
Option 6: Flood control and Recreational (aesthetic uses) only 
** nonpotable water for car washing only 
~Industrial used was for single industrial user 
tFor Scenario 4, options 1-6 also included commercial and industrial reuses. 
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Other observations can be made with regards to the different reuse options for Scenario 4. Use 
ofnonpotable water for lawn irrigation option 1 (Class C) was economically more attractive than use 
of nonpotable water for lawn irrigation and toilet flushing option 2 (Class B). A major reason was that 
the additional cost of the larger retention pond and the filtration facility needed for option 2 
outweighed the increased in savings of potable water. Similarly, inclusion ofnonpotable water for fire 
fighting (in options 3-4) reduced the benefit-cost ratio since the extra cost of the fire fighting system 
would be invested with no additional benefits. 
Scenario 1 - individual structure (industrial) had a benefit-cost ratio of approximately 0.84 
while Scenario 1 -individual structure (commercial) has a benefit-cost ratio of0.36. The costs and 
benefits for these two structures was similar. However, because there was a major difference in the 
volume ofnonpotable water usage, the benefit of water saving was larger for the industrial structure. 
The computed benefit-cost ratio showed that the stormwater appeared to be more attractive with the 
industrial structure. Although the benefit-cost ratio for Scenario !-individual structure (industrial) was 
less than one, this scenario may be feasible depending on the other economic and benefit parameters. 
Based on observation of the data presented in Table 7.1, an extra discussion on Scenario 4, 
Scenario 3, Scenario 1- individual structure (industrial) and Scenario 1- individual structure 
(commercial) will be presented in the following sections (7 .2-7 .5). Scenario 1- individual structure 
(institutional), Scenario 1- individual structure (residential) and Scenario 2 will not be further 
discussed, as they appeared not economically feasible. 
7.2 Benefit-cost Analysis for Scenario 4- Variable Zoning 
Scenario 4 had the highest benefit-cost ratios of all four scenarios and appeared to be most 
attractive for storm water reclamation. Because of the uncertainties associated with the economic 
factors (project life, interest rate, land development, water rate, and geographical region) and benefits 
parameters (flood control and recreation), the sensitivity analysis of this scenario needs to be further 
assessed. In Table 7.1, the project life was for 20 years and the interest rate was 7%. In addition, a 
flood control benefit-cost of 1.5 and an undeveloped area were assumed. The potable water rate used 
was the average of the water rates consumed by various users in this variable zoning study area. 
Because ofthe many combinations of parameters that can be set up in the benefit-cost analysis, the 
approach taken here was to change the parameters one at a time while holding the rest of the 
parameters constant. In this way, the impact of each economic factor and benefit parameter can be 
assessed. 
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7.2.1 Impact of Project Life 
The project life of the reclamation system is one factor that has an impact on the feasibility of 
the system. Longer project life means that the benefits may be derived over a longer period for a fixed 
value of the capital invested. Three different project lives, 20-year, 40-year, and 60-year were used to 
compute the benefit-cost ratios for Scenario 4. In computing the benefit-cost ratio, the project life of 
the stormwater storage basin and the water distribution system were assumed to be 40 or 60 years 
while the treatment facilities project life was fixed at 20 years. Other variables were held constant, i.e., 
construction in an undeveloped area, 7% interest rate, recreational benefit of $3.50/person/activity day, 
and a flood control benefit-cost ratio of 1.5. Table 7.2 presents the annualized cost and benefits and 
the cost-benefit ratio for different project lives for Scenario 4. 
As expected, a longer project life resulted in a larger benefit-cost ratio. For option l, the 
benefit-cost ratio increased by approximately 25% when the life of project increased from 20-yr to 40-
yr, and approximately 31% when the life of project increased from 20-yr to 60-yr. As illustrated in 
Figure 7 .2, the rate of increase in the benefit-cost ratio was rapid as project life changed from 20 to 40 
years, but gradually diminished as the project life was changed from 40 to 60 years. 
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Figure 7.1 Benefit-cost Ratios for Different Project Lives for Scenario 4 
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The benefit-cost ratio for option 6,. was approximately equal to 1.85 for a 40-year project life. 
This implied that stormwater reuse for this Scenario may be economical for flood control and 
recreational uses if the benefit-cost ratio for flood control is 1.5. Even ifthe flood control benefit-cost 
ratio was equal to 1, the storm water reclamation system was still economically attractive with the 
benefit-cost ratio greater than 1.0. 
Table 7.2 Annualized Costs, Annualized Benefits, and Benefit-cost Ratios for 
Different Project Lives for Scenario 4 (Undeveloped Area) 
Project Life Options* Annual Cost ($/yr) 
20-year Option 1 
Option 2 
Option 3 
Option4 
Option 5 
Option 6 
40-year Option 1 
Option 2 
Option 3 
Option4 
Option 5 
Option6 
60-year Option 1 
Option 2 
Option 3 
Option 4 
Option 5 
Option 6 
*Option 1: Irngatwn only 
Option 2: Irrigation and Toilet Flushing 
Option 3: Irrigation and Fire Fighting 
2,389,900 
2,840,820 
2,730,800 
2,906,110 
2,015,280 
1,335,720 
1,912,040 
2,358,950 
2,239,680 
2,410,840 
1,620,200 
1,073,960 
1,818,850 
2,264,980 
2,143,890 
2,314,260 
1,543,160 
1,022,910 
Option 4: Irrigation, Toilet Flushing and Fire Fighting 
Option 5: Fire Fighting only 
Option 6: Flood control and Recreational (Aesthetic uses) only 
Annual Benefit ($/yr) Benefit-cost Ratio 
2,478,175 1.04 
2,582,337 0.91 
2,478,175 0.91 
2,582,337 0.89 
1,986,657 0.99 
1,986,657 1.49 
2,478,175 1.30 
2,582,337 1.09 
2,478,175 1.11 
2,582,337 1.07 
1,986,657 1.23 
1,986,657 1.85 
2,478,175 1.36 
2,582,337 1.14 
2,478,175 1.16 
2,582,337 1.12 
1,986,657 1.29 
1,986,657 1.94 
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7.2.2 Impact of Development of an Area 
The estimations of costs and benefits in Table 7.1 were based on construction of a storm water 
reclamation project in an undeveloped area. The cost of a distribution system for an undeveloped area 
is lower than that of a developed area since there will be fewer obstacles (utilities, paving, etc.) and the 
installation cost would be lower in an undeveloped area. To compare the potential of implementing a 
reclamation system in an undeveloped area and a developed area, option 1 of Scenario 4 was 
considered in the benefit-cost analysis. The approach taken here was to change the cost of the 
distribution system while holding the other parameters constant, i.e., 7% interest rate, a recreational 
benefit of$3.50/person/activity day, and a flood control benefit-cost ratio of 1.5. Table 7.3 presents 
the benefit-cost ratios for undeveloped and developed area for option 1 in Scenario 4. 
As shown in Table 7.3 and illustrated in Figure 7.2, the benefit-cost ratios for a developed area 
were approximately 25% less than the benefit-cost ratios for an undeveloped area. This clearly shows 
that implementation of a storm water reclamation system in an undeveloped area was more cost 
effective and economically attractive than in a developed area. 
1.4 
--8- Undeveloped 
1.3 ___.__Developed 
1.2 
0 
-~ 1.1 
..... -"' 0 
l( -!.+=: 
Q) 
s:: 
Q) 0.9 ~ 
0.8 
0.7 
0.6 
0 10 20 30 40 50 60 70 
Number of years 
Figure 7.2 Benefit-cost Ratios for an Undeveloped Area and a Developed Area 
for Different Project Lives 
92 
Table 7.3 Benefit-cost Ratios for Undeveloped and Developed Area for Option 1 in Scenario 4 
Project Life Benefit-cost Ratio for Benefit-cost Ratio for 
Undeveloped Area Developed Area 
20-year 1.04 0.78 
40-year 1.30 0.97 
60-year 1.36 1.02 
7.2.3 Impact of Interest Rate 
The third source of uncertainty was the applicable interest rate over the life of the project. 
Benefit-cost ratios in Table 7.1 were computed based on an interest rate of7%. To compare the 
differences between the applicable interest _rates, option 1 of Scenario 4 was used as an example for the 
estimation of the benefit-cost ratios with two other interest rates 4% and 10%. The benefit-cost ratios 
were computed with the assumption that the construction would be in an undeveloped area and that the 
recreational benefit was $3.50/person/activity day and the flood control benefit-ratio was 1.5. Table 
7.4 presents the results ofthis analysis. As shown in Table 7.4 and illustrated in Figure 7.3, the impact 
of borrowing funds at a lower interest rate had a large impact on the benefit-cost ratios. For a 4% 
interest rate, the benefit-cost ratio increased by 24% for a 40-year project life when compared to an 
interest rate of7%. However, for an interest rate of 10%, the benefit-cost ratio reduced by 12.4% from 
1.13 to 0.99 for a 40-year project life as compared to an interest rate of 7%. 
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Figure 7.3 Benefit-cost Ratios for Different Discount Rates for Option 1 in Scenario 4 
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Table 7.4 Benefit-cost Ratios for Different Interest Rates for Option 1 in Scenario 4 
Project Life Benefit -cost Ratios at Benefit-cost Ratios Benefit-cost Ratios at 10% 
4% Discount Rate at 7% Discount Rate Discount Rate 
20-year 1.32 1.04 0.84 
40-year 1.90 1.30 0.96 
60-year 2.16 1.36 0.98 
7.2.4 Impact of Flood Control Benefits 
The benefit-cost ratio of 1.5 for flood control as used in the earlier computation (see Table 7.1) 
is greatly dependent on the site. To analyze the impact of flood control benefits benefit-cost ratio for 
flood control of 1.0 and 2.0 were considered for option 1 of Scenario 4. Other variables were held 
constant with the assumption of an undeveloped area, 7% interest rate, and recreational benefit of 
$3.50/person/activity day. Table 7.5 and Figure 7.4 presents the results of the benefit-cost ratios for 
option 1 in Scenario 4. The impact of the flood control benefit-cost ratio was significant. The 
reclamation project benefit-cost ratio increased by 25% when the flood control benefit-cost ratio 
changed from 1.5 to 2.0 for a project life of 40 years. The system benefit-cost ratio decreased by 26% 
when a flood control benefit-cost ratio change from 1.5 to 1.0 for a project life of 40 years. 
To further analyze the impact of flood control benefits, the benefit-cost ratio for option 1, 
Scenario 4 was assumed to be equal to 1.0. With the assumption of an interest rate at 7%, recreational 
benefits at $3.50 per person per activity day and water savings at a cost of$1.60/1000 gallons, the 
flood control benefit-cost ratio must be at least 1.06 for 40-yr project life in order to make the project 
feasible. If7% interest rate was used, the reclamation project would be feasible if the flood control 
structure were able to pay for itself over 40-yr project life period. With the assumption of 4% interest 
rate and 40-yr project life (other variables were held constant), the flood control benefit-cost ratio was 
estimated to be at least 0.58 to make the project feasible. If 4% interest rate was applied, the flood 
structure only need to recover 60% of its cost in order to make the project feasible. In summary, the 
flood control benefit has a large impact on the overall benefit-cost ratio of the stormwater reclamation 
project and the feasibility of a storm water reclamation project is heavily dependent on the flood control 
benefits. 
94 
Table 7.5 Benefit-Cost Ratios for Different Flood Control Benefit-cost Ratio 
for Option 1 in Scenario 4 
Project Life Flood Control Benefit-cost Flood Control Benefit-cost Flood Control Benefit-cost 
Ratio= 1.0 Ratio = 1.5 Ratio= 2.0 
20-year 0.77 1.04 1.31 
40-year 0.96 1.30 1.63 
60-year 1.01 1.36 1.71 
1.00 
-Flood Berefit..(h;t ratio= 1.0 
-Flood Berefit..(h;t ratio= 1.5 
l.ff) -fr-Flood Berefit -Ca:;t ratio= 20 
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Figure 7.4 Impact of Flood Control Benefit-cost Ratio on Stormwater reuse Benefit-cost Ratio for 
Option 1 of Scenario 4 for Different Project Lives 
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7.2.5 Impact of Recreational Benefit 
Although the benefits from recreational activities may not be as large as flood control, the 
impact of recreational benefits was investigated. The benefit-cost ratios in Table 7.1 were based on a 
recreational benefit of$3.50/person/activity day. The recreational benefits were assumed to vary 
between $2.00 and $8.00/person/activity day. The results of this estimation are presented in Table 7.6. 
The interest rate was maintained at 7%, the flood benefit-cost ratio was set at 1.5 and the water rate 
was at $1.60/1 ,000 gallons. 
As presented in Table 7.6, and illustrated in Figure 7.5, the impact of recreational benefits was 
negligible. The benefit-cost ratio increased by only 4% when the recreation benefit increased from 
$3.50 to $8.00/person/activity day. Figure 7.5 clearly indicated that the system benefit-cost ratio of a 
stormwater reclamation project in Scenario 4 was not affected by the recreational benefit component. 
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Table 7.6 Benefit-cost Ratios for Different Recreation Benefits for Option 1 in Scenario 4 
Project Life Recreation Unit Benefit Recreation Unit Benefit Recreation Unit Benefit 
= $2.0/persol)-day = $3 .5/person-day = $8.0/person-day 
20-year 1.03 1.04 1.08 
40-year 1.28 1.30 1.34 
60-year 1.35 1.36 1.41 
7.2.6 Impact of Water Rates 
The obvious benefit of stormwater reclamation system is the savings in potable water. To 
compare the impact of water rates on the overall feasibility of the reclamation project, different water 
rates were used. Earlier in Table 7.1, the Des Moines water rates of$1.60 per 1,000 gallons was used. 
In this section the water rates were doubled to $3.20 per 1,000 gallons or halved to approximately 
$1.00 per 1,000 gallons. The impact of water rates on the benefit-cost ratios for different project lives 
of option 1 were computed and presented in Table 7. 7. The annual savings in potable water would 
increase from $491,518 at a rate of$1.60 to$ 983,037 at a rate of$3.20. Again the other variables 
were kept constant at 7% interest rate, flood control benefit-cost ratio of 1.5, recreational benefits of 
$3.50/person per activity day and an unde~eloped area was assumed. 
Table 7.7 and Figure 7.6 showed that by doubling the cost of potable water, the benefit-cost 
ratio increased by 19% from 1.30 to 1.55, and was reduced by 8% from 1.30 to 1.20 for a water rate of 
$1.00/1,000 gal in a 40-year project life. The water rates played an important role on the economic 
feasibility of a stormwater reclamation project. The benefit-cost ratio sensitivity analysis for different 
water rates indicated that stormwater reclamation project may not be economical if the potable water 
rates remained low but may be a potential water resource reclamation project in the future when the 
potable water become more expensive. The above results also indicate that larger volume of 
nonpotable water demand would help to lower the overall cost of producing nonpotable water and 
therefore make the stormwater reclamation project more competitive. 
Table 7.7 Benefit-cost Ratios for Different Water Rates for Option 1 in Scenario 4 
Project Life Water Rate= Water Rate= Water Rate= 
$1.00/1,000 gal $1.60 /1,000 gal $3.20/1,000 gal 
20-year 0.96 1.04 1.24 
40-year 1.20 1.30 1.55 
60-year 1.26 1.36 1.63 
0 
·~ 
1-o 
...... 
Vl 
0 
u 
I ...... 
!..!=: 
II) = II) 
o:l 
97 
1.9 ---- 1.00 $/1000 gfll 
_.,__ 1.60 $/1000 gfll 
1.6 -D- 3 .20 $/1 000 gfll 
1.3 . 
0.7 
0.4 +----,------r-----r---r----..,.-----,----1 
0 10 20 30 40 50 60 70 
Number of years 
Figure 7.6 Benefit-cost Ratios for Different Water Rates for Option 1 
in Scenario 4 for Different Project Lives 
7.2. 7 Summary of Impacts of Various Benefits 
Two observations may be made through the cost and benefit estimations and the benefit-cost 
ratio computations. Option 6 (recreational and flood control only) was found to be feasible since this 
option excluded the treatment and distribution cost. Option 1, which included a nonpotable water 
distribution system was considered feasible for a 40-yr project life and an interest rate of 7%. This 
assumes that a flood control benefits at 1.5 times the cost of the flood control structure was realized 
over the 40-year project life. For an interest rate of 4%, the system may not be feasible if the flood 
control benefit-cost ratio was less than 0.58 (see Section 7.2.4). However, the above estimation did 
not include intangible benefits such as protection of the environment which may also contribute 
towards the overall benefits of the project and make the reclamation project feasible. 
Others variables having major impact on the benefit-cost ratios were the interest rate and the 
cost of potable water. In this study, a change in the interest rate from 7% to 4% (about 43% reduction) 
increased the benefit-cost ratio by 24%. While financing a major project at an interest rate of 4% is 
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highly probable, charging the potable water at a rate of$3.20 per 1,000 gallons is unlikely under 
current situations but may be possible in the future. The benefit-cost ratio comparison between a 
developed area and an undeveloped area indicated that stormwater reclamation was not economically 
viable in a developed area as compared to a undeveloped area because of the higher installation cost of 
a nonpotable distribution system. Recreation benefits have a minor impact on the overall economic 
viability of a storm water reclamation project in Scenario 4. 
7.3 Benefit-Cost Analysis for Scenario 3 
As presented in Table 7.1, the benefit-cost ratios for Scenario 3 indicated that a nonpotable 
reclamation project was not feasible for all options except for Option 6. It is not surprising to see 
Option 6 as an economically viable option since the added cost of providing a nonpotable water 
distribution system was not needed in this option. For all options except Option 6, the benefit-cost 
ratios were between 0.40 to 0.83 depending on the option (see Table 7.8) and project life. The benefit-
cost ratios were computed for an interest rate of 7%, a flood control benefit-cost ratio of 1.5, 
recreational benefits of$3.50/person/activity day and water rates at $1.60 per 1,000 gallons. In 
addition, an undeveloped area was assumed. 
Table 7.8 Benefit-cost Ratios for Different Options for Different Project Lives for Scenario 3 
Project Life Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 
20-year 0.62 0.44 0.53 0.4 0.69 1.74 
40-year 0.77 0.54 0.66 0.5 0.79 2.16 
60-year 0.81 0.57 0.69 0.52 0.83 2.27 
A similar analysis as in Section 7.2 may be made to assess the impact of various economic and 
benefit factors on the benefit-cost ratio. Table 7.9 presents the results. Unlike Scenario 4, the impact 
of the various economic and benefit factors was not as strong in Scenario 3. This may be due to the 
economy of scale of the project. Of all the economic and benefit factors, interest rate at 4% had the 
greatest effect. The benefit-cost ratio for option I increased from 0. 77 to I.li when the interest rate 
changed from 7% to 4%. Option I might be feasible, depending on the interest rate, project life, and 
flood control benefit as shown in Table 7.9. 
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7.4 Benefit-cost Analysis for Scenario 1- Individual Structure (Industrial) 
7.4.1 General Observation 
Table 7.10 provides the benefit-cost analysis for Scenario 1- individual structure (industrial). 
In this scenario, benefit-cost ratio was calculated based on the assumption of20-yr project life, 
construction in an undeveloped area, flood control benefit-cost ratio of 1.5, 7% interest rate and 
nonpotable water of Class B classification. No recreational benefit was considered for this particular 
scenario. For this particular scenario, water was collected on site and distributed to the industrial plant 
directly. Therefore, an extensive water distribution system was not required as compared to Scenarios 
3 and 4. The absence of a large cost component such as a nonpotable water distribution system 
reduced the initial construction capital cost, making the benefit-cost ratio approximately 0.84 for a 20-
year project life and 0.97 for a 40 -year project life and at an interest rate of7%. The flood control 
benefit-cost ratio for a small area such as Scenario 1 - individual structure (industrial) may not be equal 
to 1.5. In fact, the total benefits realized from a stormwater collection pond are probably less than the 
construction cost. While the interest rates at 4% had an impact on the feasibility of the project, the 
water rates appeared to have a larger impact when the water rates were increased from $1.06/1000 
gallons to $2.12/1000 gallons. Table 7.10 showed that the system was feasible (benefit-cost ratio~ 
1.0) for all project lives considered when interest rate was below 7% or when water rate was higher 
than $1.06/1000 gallons. Therefore, Scenario 1- individual structure (industrial) might be feasible for 
Class B water produced, depending on the flood control benefit, land condition (developed or 
undeveloped), interest rate, project life, and water rate as shown in Table 7.1 0. 
7.4.2 Impact of Reuse Capacity and Quality of Water Produced 
Larger volume of nonpotable water reuse would help to lower the overall cost of nonpotable water 
produced, making the stormwater reclamation project more economically attractive. However, as 
previously discussed, the feasibility of the stormwater reclamation project is heavily dependent on the 
flood control benefit that can realistically be achieved for a specific site. Under a worst case situation 
where no flood control benefit and recreation benefit were derived from stormwater storage detention 
pond and that the only benefit derived were from savings in potable water, the benefit-cost ratios of 
different capacities of nonpotable water demand from 60,000 gallons per day (gpd) to 2,000,000 gpd 
were calculated for different quality of water produced from Class A to Class C. The computations 
was based on the assumption of20-yr project life, construction in an undeveloped area, water rate of 
$1.06/1 ,000 gallons, and 7% interest rate. 
Table 7.9 Benefit-cost Ratios for Various Economic and Benefit Variables for Option 1 in Scenario 3 
Flood Control Benefits Land Conditions Interest Rate Recreational Benefits Water Rates 
Project Benefit- Benefit- Benefit Undevelope Developed 4% 7% 10% $1.00/ $3.50/ $8.00/ $1.00/ $1.60/ $3.20/ 
Life cost ratio cost ratio -cost darea Area person/ person/ person/ 1,000 1,000 1,000 
=I =1.5 ratio =2 day day day gallons gallons gallons 
20- 0.46 0.62 0.78 0.62 0.46 0.78 0.66 0.50 0.56 0.62 0.72 0.58 0.62 0.69 
year 
40-ycar 0.57 0.77 0.96 0.77 0.57 1.1 I 0.77 0.57 0.70 0.77 0.90 0.72 0.77 0.85 
60-year 0.60 0.81 1.01 0.81 0.60 1.25 0.81 0.58 0.73 0.81 0.94 0.76 0.81 0.89 
---·------ ..... 
Table 7.10 Benefit-cost Analysis for Various Economic and Benefit Factors for Scenario 1- Industrial -0 
0 
Flood Control Benefits Interest Rates Water Rates Land Conditions 
Project Life Benefit-cost Benefit-cost Benefit-cost 4% 7% 10% $0.6011,000 $1.0611,000 $2.12/1,000 Undeveloped Developed I 
ratio= I ratio= 1.5 ratio= 2.0 gallons gallons gallons area area 
20-years 0.66 0.84 1.01 0.98 0.84 0.72 0.67 0.84 1.16 0.84 0.71 
I 
40-ycnrs 0.77 0.97 1.17 1.23 0.97 0.79 0.!11 0.97 1.34 0.98 0.!14 
60-years 0.80 1.0 1.21 1.31 I 0.8 0.84 I 1.39 I 0.87 
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Table 7.11 provides the benefit-cost ratios for Scenario 1- Individual Structure (Industrial) 
with the various reuse capacities. As shown in Table 7.11 and illustrated in Figure 7. 7, the benefit-
cost ratios for Class A and Class B water initially increased as the reuse capacity increased but when 
the reuse capacity approached the volume of 1,000,000 gpd the benefit-cost ratios reached a maximum 
value of0.59 and 0.70 for Class A and Class B water, respectively and gradually decreased for an 
further increase in reuse capacity. For Class C water produced, the situation was different. The 
increase in benefit-cost ratio was large as the reuse capacity change from 60,000 gpd to 1,000,000 gpd 
but provided diminishing increases for any further increase in reuse capacity. Figure 7.7 indicates the 
most economical range of reuse capacity was between 600,000 gpd to 1,400,000 gpd. This 
information may assist in determining the economical viability of building a stormwater reuse system 
for an industrial facility. Also from Figure 7.7, the reuse water quality of Class C appeared to be 
economically attractive. This information indicates that stormwater is a potential resource of water if 
the nonpotable water quality needed was Class C. 
Table 7.11 Benefit-cost Ratios and The Reuse Capacity for Different Quality of Water 
Produced for Scenario !-Individual Structure (Industrial) 
Reuse Capacity (gpd) Benefit-cost Ratio* 
Class A Class B Class C 
60,000 0.12 0.16 0.19 
100,000 0.19 0.24 0.31 
200,000 0.33 0.41 0.58 
400,000 0.48 0.60 1.03 
600,000 0.56 0.68 1.39 
800,000 0.58 0.70 1.67 
1,000,000 0.59 0.69 1.90 
1,200,000 0.58 0.68 2.08 
1,400,000 0.56 0.65 2.23 
1,600,000 0.54 0.62 2.34 
1,800,000 0.51 0.59 2.43 
2,000,000 0.49 0.56 2.50 
*Flood control benefit= 0, Recreational benefit= 0, Interest rate= 7%, Water rate= $1.0611,000 gallons, 
Project life = 20 years 
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Figure 7. 7 Benefit-Cost Ratio and Reuse Capacity of Scenario !-Individual Structure (Industrial) 
7.5 Cost ofNonpotable Water for Different Water Quality and Reuse Capacity 
The cost ofnonpotable water produced was the combination of the collection system cost, cost 
of storage basin, cost of treatment facilities, cost of distribution system and the user's service 
connection cost. For an area with an existing collection system, storage basin, and distribution system, 
a question to be answered was whether the cost of the water produced cost was economically 
competitive as compared to the potable water rate. This section examined the cost for different class of 
water produced with respect to the reuse capacity. The cost estimations included the cost of treated 
water of different quality, cost of treated water storage tank and the cost of high-service pumping 
system. The annual cost was based on the assumption of project life at 20-yr and the interest rate at 
7%. Table 7.12 presents the cost of Class A, Class B, and Class C water expressed as $11,000 gallons 
for the various reuse capacities. Figure 7.8 shows the cost per 1,000 gallons of water produced versus 
the capacity of reuse. As previously discussed, larger volume of reuse would help to lower the cost of 
water produced. However, this was not the case for Class A and Class B water. The unit cost of water 
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produced for Class A and B reached a minimum value for a reuse capacity of 600,000 gpd but 
increased for reuse capacity greater than 600,000 gpd. The minimum unit costs of water produced 
were $1.52/1,000 gallons and $1.18/1,000 gallons for Class A and Class B respectively. IfClass A 
and B were required for reuse and the user can get the potable water at a rate less than $1.1811,000 
gallons, then the stormwater system may not be feasible. However, if the water rate was greater than 
$1.5211 ,000 gallons, the storm water reuse may be economically feasible if the reuse capacity in the 
range of 600,000 gpd. The actual cost of potable water is usually higher than the rate that is charged. 
In a typical municipality, the cost of water is paid for by various sources including property taxes. 
Some of these costs are usually not reflected in the rates that are charged by the municipality. For 
Class C reuse application, the unit cost of water produced was at $0.64/1,000 gallons for a reuse 
capacity of200,000 gpd. Figure 7.8 clearly indicate that using Class C water for nonpotable reuse will 
provide a savings in the cost of water usage and the most cost effective reuse capacity is in the range of 
600,000 gpd. 
Table 7.12 Unit Cost and The Reuse Capacity for Different Quality of 
Nonpotable Water Produced. 
Reuse Capacity (gpd) Cost per 1000 gallon of Water Produced 
Class A Class B Class C 
50,000 5.26 3.11 1.95 
100,000 3.09 1.94 1.08 
200,000 2.05 1.38 0.64 
400,000 1.60 1.18 0.43 
600,000 1.52 1.18 0.37 
800,000 1.54 1.23 0.33 
1,000,000 1.57 1.29 0.32 
1,200,000 1.66 1.38 0.31 
1,400,000 1.76 1.48 0.31 
1,600,000 1.87 1.59 0.30 
1,800,000 1.99 1.71 0.30 
2,000,000 2.13 1.84 0.30 
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Figure 7.8 Unit Cost of Water Produced and The Reuse Capacity for Different Water Quality 
7.6 Feasibility of Stormwater Reclamation System 
A stormwater reuse system is considered feasible if the benefit-cost ratio is greater than one. 
Based on the benefit-cost analyses conducted for various options and scenarios, it can be seen that 
Scenario 4 (in an undeveloped area) may be a feasible scenario depending on the reuse options and 
economic factors. Option 6 (flood control and recreation) is feasible for all project lives of Scenarios 
2, 3 and 4, and Scenario 1- individual structure (institutional) since this option did not require a water 
distribution system and the flood control benefit-cost ratio was assumed to be 1.5. If no flood control 
benefits were considered, option 6 would become infeasible because the recreational benefit would not 
cover the cost of the project. Scenario 3 and Scenario 1- individual structure (industrial) may be 
feasible, depending on the interest rate, water rate, project life, land condition, and flood control and 
recreational benefits, reuse capacity and quality ofwater produced (see Tables 7.9, 7.10 and 7.11). 
Scenario }-individual structures (institutional, residential, and commercial) (options 1-5), and Scenario 
2 (options 1-5) were not feasible. The analysis showed that a project with a 40 year project life and an 
interest rate as low as 4% may make a project feasible. Implementation of stormwater reuse systems 
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in the undeveloped area was cost effective and more economically feasible than a developed area. 
The economic benefit of potable water savings was estimated by replacing the potable water 
with nonpotable demand. Depending on the current potable water rate, low quality water produced 
Class C, the optimum reuse capacity would make the stormwater reclamation project feasible. For 
Scenario 1-individual structure (Industrial) was in the range of 400,000 gpd or larger for a Class C 
water (Table 7. 11). 
The benefit-cost calculations and feasibility analysis must be used with caution because of the 
uncertainties associated with some of the benefits and economic parameters, i.e., project life, interest 
rate, water rate, land development, flood control and recreational benefits, and geographical location. It 
should be recognized that potential property damage in the estimate of flood control benefit was highly 
dependent on the geographical location. The assumption of flood control benefit-cost ratio of 1.5 may 
not be accurate for Des Moines area. Therefore, the total benefits computed in the benefit-cost 
analysis may be underestimated or overestimated. 
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CHAPTERS 
CONCLUSION 
This study examined the technical feasibility and economical feasibility of reclaiming urban 
stormwater for nonpotable reuse. For this study, various scenarios at two areas in Des Moines, Iowa, 
were analyzed through the performance of following tasks: (1) estimation of water usage and 
reductions in potable water use, (2) design and sizing of the treatment plants for stormwater 
reclamation, (3) design and sizing of the nonpotable water distribution systems, (4) estimation ofthe 
costs of treatment and distribution, (5) estimation of the benefits from stormwater collection and reuse, 
and ( 6) benefit and cost analysis and assessment of the economical feasibility of storm water 
reclamation and reuse. 
For each scenarios, several water reuse options and water quality classification were included. 
Stormwater collection, retention pond, water treatment plant, and distribution system for various 
scenarios, water reuse options and water quality classification were designed and sized. Cost and 
benefit was estimated for the stormwater reclamation project. Benefit-cost analyses were conducted 
for various scenarios. Based on the benefit-cost analyses, the general conclusion was that urban 
stormwater reclamation and reuse may be economically feasible depending on the size of the project, 
the water reuse demand and the prevailing economic factors. 
A sensitivity analysis was conducted in order to justifY the uncertainty of economic factors and 
benefit parameters. Variables used in the sensitivity analysis which may have an impact on the 
feasibility of the reclamation and reuse system included the period of project life, interest rate, 
recreational benefit, cost of potable water, flood control benefit and reuse capacity from storm water 
collection/storage. A benefit-cost comparison was conducted for the construction of a reclamation 
system at an undeveloped area and a developed area. Based on the analysis and assessment, the 
following conclusions were drawn: 
• Scenario 4 - variable zoning had the highest benefit-cost ratios and was the most attractive or 
feasible scenario for stormwater reclamation. In the base analysis, options 1-4 had an average 
benefit-cost ratio of0.94 while option 5 and 6 had benefit-cost ratios approximately equal to 
0.99 and 1.5, respectively. Two main factors contributing to the feasibility of stormwater 
reclamation for Scenario 4 were the large volume of nonpotable water reuse and the major 
flood control benefits. 
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• The benefit-cost ratios for Scenario 3 indicated that a nonpotable reclamation project was not 
feasible for all options except for option 6. Option 6 was an economically viable option, even 
for a 20-year project life, since the cost of nonpotable water distribution system and treatment 
facility was not included in the project cost. However, if a 40-year project and an interest rate 
of 4% were assumed, option 1 in Scenario 3 was found to be feasible. 
• For Scenario 2- residential (5 acres or less), the benefit-cost ratios were all less than 0.05 
except for option 6 which was 1.38. The reasons for option 6 to be feasible were similar to 
those mention in Scenario 3. 
• Although the benefit-cost ratio for Scenario 1- individual structure (industrial) was slightly 
less than one, this scenario may be feasible depending on the other economic and benefit 
parameters. Class C water and reuse capacity of 400,000 gpd or greater was found to be 
economically attractive for this scenario. For this scenario, the absence of a large cost 
component such as a water distribution system reduces the initial construction capital cost. 
• Scenario 1- individual structure (institutional) (except option 6), Scenario 1- individual 
structure (commercial), and Scenario !-individual structure (residential) were not feasible. 
Scenario 1- individual home had one of the lowest average benefit-cost ratio. 
• Use ofnonpotable water for lawn irrigation, option 1 (Class C) was most economically 
attractive when compared to the use of nonpotable water for toilet flushing (Class B), or 
process water (Class A). The higher cost of providing a larger retention pond to meet the extra 
demand, cost of higher quality water produced outweighed the savings in potable water for 
toilet flushing. Similarly, inclusion ofnonpotable water for fire fighting (in options 3-5) tend 
to reduce the benefit-cost ratio since additional capital cost for the fire system would be 
required with minimum additional benefits. Option 6 (flood control and recreational uses) was 
feasible for all Scenarios 2, 3 and 4 and Scenario 1- individual structure (institutional) for all 
project lives considered implying that the use of storm water storage basins for aesthetic, 
recreational and flood control was economically viable. However, the benefit-cost ratio of this 
option was heavily dependent on the flood control benefit. If the flood control benefit was not 
included, stormwater reclamation project for option 6 would not be feasible because the cost 
of storm water collection and storage basin. 
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Comparison of the estimated benefit-cost ratios indicate that stormwater reuse was more feasible in an 
undeveloped area than in a developed area. 
The benefit-cost calculations and feasibility analysis must be used with caution because of the 
uncertainties associated with some of the benefits and economic parameters, i.e., project life, interest 
rate, water rate, land development, flood control and recreational benefits, and geographical location. It 
should be recognized that potential property damage in the estimate of flood control benefit was highly 
dependent on the geographical location. The assumption of flood control benefit-cost ratio of 1.5 may 
not be accurate for Des Moines area. Ther~fore, the total benefits computed in the benefit-cost 
analysis may be underestimated. 
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APPENDIX A 
COST ESTIMATES WORKBOOK 
Input Data Requirement for Cost Estimation Program 
I. General Data 
ENR Construction Cost Index 
(CCI) in (Monthlyr) 
Annual interest rate 
Design life 
Electricity rate 
Hourlylabor rate 
2. Water Demand Data 
Peak month/Avg day Demand 
Annual Average Day Demand 
Enter Water Reuse Option Code• 
Daily Peak Factor 
Hourly Peak Factor 
Water rate per 1000 gallons 
Aug-98 5929 
7% 
20 yrs 
0.07 $/Kw-hr 
21 S/hr 
1,500,841 gpd 
841,641 gpd 
I 
2 
4 
s 1.60 
• Reuse Option code an:: I for Irrigation only, 2 for Irrigation and Toilet Flushing, 
3 for Irrigation and Fire-fighting, 4 for Irrigation, Toilet Flushing and Fire Fighting 
S for Fire Fighting only, 6 for recreation nnd nood control u:oc:s. 
J. s . d 
Name of basin Vglum; [Q[ B;us 
Washington Avenue 7.36 
Guthrie 11.23 
Mattern 3.31 
Hull 41.71 
0 
4. Land cost data 
Area ofland used for storage basin 
Unit Cost of Land 
5. Treatment Facilities Cost Data 
Raw water pumping facility 
Screen 
Pressure Filter@ 5gpmlft"2 
Sodium Hypochlorite Disinfection 
Chemical Cost of Sodium Hyoochorite 
A e-ft 
A e-ft 
A e-ft 
A e-ft 
A e-ft 
Vglum; [Q[ Oood ~!!!!IIlii 
34 A e-ft 
85 Ac-ft 
29 A e-ft 
105 A e-ft 
0 A e-ft 
23 Ac 
25,000 $/Ac 
Process Selecti!!!l"' 
I 
I 
0 
I 
190 Sffon 
•• Enter I for processes you want to selected, and 0 for the: others. 
6. Distribution Cost Data 
Process Selection00 
Treated water Storage Tank 
High-Service Pumping Station 
Hydro-pneumatic Tank 
Nonpolabe Water Main 
Site condition• .. 
Pipe Size (in.)•••• 
12 
Excavation!Dackti It/Compaction depth 
Number of hydrant 
Unit cost of hydrant 
10 
8 
6 
4 
3 
••• Site condition ore: 0 for undeveloped area, I for developed orca 
•••• Size of pipe arc provide by EPANET for option code is I or 2, 
and at least 8 if the reuse option code is 3, 4 or S. 
7. User's Connection Cost Data 
Number of Connection 
Length of I" External PVC Pipe 
Length of 112" Internal Copper Pipe 
Unit Cost of Curb box Connection 
Number of water meter 
Unit Cost of I ft water meter 
8. Benefit Data 
Scenario population estimates 
Flood control B/C factor 
Recreation unit benefit 
0 
Length (ft) 
2,663 
24,595 
98,366 
33,230 
1,017 
0 
6 
0 
3.550 
1,810 
72,400 
18,100 
652 
1,810 
177 
n 
unit 
· $/ea 
unit 
ft 
ft 
$/ea 
unit 
$/ea 
6142 people 
1.5 
3.50 $/person-day 
--
. 
Summary of Storm water Storage Cost of Scenario 4- (Variable zoning) 
Slorngc bnsln Cost for neuse 
Cupllnl Cost uf Detention l'und 
Wnshlnglon Avenue · 
Guthrie 
Mnnem 
Hull 
0 
Total Capitol Cost 
$ 
$ 
$ 
$ 
$ 
$ 
AnnunJized Capital Cost of rieienlion Pond @ 20 year life 
W11Shington Avenue . $ 
Guthrie $ 
Mnllem $ 
Hull $ 
0 . $ 
Total Annunllzcd CorJUnl Cost . $ 
Annual O&M Cost of detention Jlond @ 
Wnshington A venue 
Guthrie 
Mnllem 
Hull 
0 
Total O&M Cost 
$ 
$ 
$ 
$ 
$ 
$ 
254,367 
408,426 
99,228 
1,820,453 
2,582,473 
24,010 
38,550 
9,370 
171,840 
243,770 
5% 
1,200 
1,930 
470 
8,590 
12,190 
Slorngc bnsin Cost for Flood cunlrol 
CnJlilnl CCJst of Del en lion l'oncl 
Wnshington Avenue 
Guthrie 
$ 1,429,965 
$ 4,431,879 
Mnttem ~ 1,188,789 
Hull $ 5,878,542 
0 $ 
'l'otnl C111Jilnl Cost $ 12,929,175 
Annu1~ized Cnpltnl Cost of Detention Pond @ 20 year life 
Wnshington Avenue $ 
Guthrie $ 
Mntlem $ 
H~l $ 
0 $ 
'l'otnl Annunllzed CapUnl Cost $ 
Annunl O&M Cost of detention Jlond @ 
Wnshlnglon Avenue 
Guthrie 
Mn!tem 
Hull 
0 
Total O&M Cost 
$ 
$ 
$ 
$ 
$ 
$ 
134,980 
418,340 
112,210 
554,890 
1,220,420 
5% 
6,750 
20,920 
5,610 
27,740 
61,020 
-N 
Summary or Storm water Collectlon.Cost or Scenario 4 - (Vnrinhle zoning) 
ENR Conslruclion Cosllndex (CCI) in (Mon/yr) 
Pipe Construc:Uon Cost 
l'ipe :meter I Pipe inalh I Material I l!xcavatlonl J. 
·Cost Oacltfill Cost 
4 3370 $ 18,980 $ 7,990 $ 
6 2590 $ 17,020 $ 6,140 $ 
8 1150 $ 8,630 $ 2,730 $ 
10 3820 $ 32,270 $ . 9,050 $ 
12 2780 $ 26,090 $ 6,590 $ 
15 32020 $ 345,620 $ 75,890 $ 
18 16670 s 203,410 $ 39,510 $ 
20 850 $ J1,170 $ 2,010 $ 
21 910 $ 12,390 $ 2,160 $ 
24 31780 $ 477,280 $ 224,370 $ 
27 800 $ 13,140 $ 5,650 $ 
28 1110 $ 18,750 $ 7,840 $ 
30 10520 $ 187,620 s 74,270 $ 
Totnl pipe connslruction cosl $ 
Totnl mnnhole & intnke construction cost s 
Subtotnl 1 $ 
Sitework, Interface Piping, Roads @ 5% $ 
Total Construction Cost $ 
General Contractors Overhead ond Prorit (( 10?& $ 
Subtotall $ 
Engineering @ 10?& $ 
Subtotal 3 $ 
Legal, Fiscal and Adminislrative Services $ 
Interest during Construction @ 7% $ 
Total Colledlon System Capital Cost $ 
Aug-98 = 5929 
Pipe Construction Cost (continue) 
Construction Pipe l>iarncter Material Excavation/ Construction 
Cost inm Cost Backfill Cost Cost 
26,970 33 $ 7,310 $ 2,680 $ 9,990 
23,160 • 36 $ 431,180 $ 147,410 $ 578,590 
11,360 40 $ 1,350 $ 420 $ 1,170 
41,320 42 $ 135,640 $ 40,810 $ 176,450 
32,680 48 $ 134,300 $ 82,780 $ 217,080 
421,510 51 $ 1,660 $ 970 $ 2,630 
242,920 54 $ 6,110 $ 3,400 $ 9,510 
I 3,180 60 $ 24,890 $ 12,640 $ 37,530 
14,550 66 $ 9,380 $ 4,370 $ 13,750 
701,650 72 $ 34,170 $ 25,250 $ 59,420 
18,790 78 $ 41,570 $ 28.580 $ 70,150 
26,590 96 1520 $ 74,190 $ 95,760 $ 169,950 
261,890 120 4980 -- _$ ___ 299,170 $ 380,970 $ 680,140 
3,863,530 Collection manhole & Intake data 
1,532,590 M:mhnle/lnlct qunn ity 422 
5,396,120 lntnke Quantity 530 
269,810 Unit Cost of Mnnhole/lnlet Mnleriul 560 $/En. 
5,665,930 Unit Cos I of Mnnholellnlet lnslallation 1355 $/Ea. 
566,590 
6,232,520 Material Installation t:onstru~tiun 
623,250 Mnnhole $ 243,930 $ 590,230 $ 834,160 
6,855,770 Intake $ 204,240 $ 494,190 $ 698,430 
2,020 
1,467,080 Annualized Capital Cost of Colledlon System @20-yr life $ 785,810 
8,324,870 Annual O&M Cost of c:ollec:Uon system @ 2% $ 15,720 
w 
. Costs Calculation for Non potable Water Treatment Facility or Scenario 4 
(Option 1 = Irrigation only) 
BNR Construction Cost index (CCI) In (Mon/yr) 
Pc:nk month/Avg day Demnod 1,500,841 gpd 
Annual Average Day DellUUld 84 I ,641 gpd 
System nnd Design Criteria 
Rnw wnter pumping 
Screen 
Pressure Filter@ 5gpmlfl"2 
Sodium Hypochlorite Solution Feed 
Subtotnll 
Silework, Interface Piping, Ronds @ S% 
Totnl Construction Cost 
General Contractors Overhead nnd Profit 
Subtota12 
Engineering@ 10% 
Subtotal 3 
Legnl, Piscnl and Administrative Services 
Interest during Construction @ 7% 
Total Capital Cost 
@12% 
Aug-98 = 
Design 
Pnrnmeter 
2085 gpm 
2085 gpm 
0 gpm 
2085 gpm 
5929 
Construction 
Cost 
$ 75,480 
$ 10,080 
$ 
$ 87,686 .................. 
$ 173,246 
$ 8,660 
$ 181,906. 
$ 21,830 .................. 
$ 203,736 
$ 20,370 
$ 224,106 
$ 5,040. 
$ 3,420 
$ 232,566 
• Annwdized Copital Cost WIIS bnse on the interest role IUld number or years or design life 
Operating 
Pnrnmc:ter 
584 gpm 
584 gpm 
0 gpm 
584 gpm 
Energy Mnintenmtce 
~ Mnterinl ($/vr) 
$ 4,751 $ 285 
$ - $ 
$ 4,811 $ 9,994 
--····---·····-· .................. 
$ 9,560 $ 10,279 
'l'otnl Annual O&M Cost 
Annualized Cnpltnl Cost• 
1'otnl Annual Cost 
Lnbor 
(hr/yrl 
$ 2,253 
$ 
$ 10,416 -----------····· 
$ 12,670 
--.j:::. 
$ 32,510 
$ 21,950 ................ 
$ 54,460 
Estimated Costs for Distribution Systems and User Connections for Scenario 4 
(Option 1 = Irrigation only) 
ENR Construction Cost Index (CCI) in (Mon/yr) Aug-98 = ### 
Peak month/Avg day Demand 1,500,841 gpd 
Annual Avg Day Demand 841,641 gpd 
Design Construction 
Distribution S~stem Desl£n Criteria Cam meter Cost User Connection Desl£n Criteria 
Trcntc.:d \vnter Stomgc Tonk 250,1411 gal s 207,640 Complete Curb box & Cotutcction 
High-Service Pumping Station 4,169 gpm s 417,410 I • Water Meter 
Hydro-pneumatic Tank 62,535 gal $ 92,070 Cost of I" External PVC Pipe 
Main Distribution Pipe 159,871 1\ s 1,771,220 Excuv.mnckfill @ 2' wide & d~o'Pth of 
Hydrant 0 unit $ - Cost ofJ/4" Internal Copper Pipe 
Design 
Parameter. 
11!10 wtit 
1810 Wlit 
72,4oo ft 
6ft 72,400 ft 
J8,Joo ft 
Excnv./Dackfill @ 2' wide&. depth of 6ft t5987t ft s 1,845,390 Fitting Cost@ 30% of the cost of Internal Copper Pipe 
Fitting Cost@ 25% of Distribution Pipe Cost s 442,810 
Subtotal I $ 4,776,540 Subtotal 1 
Sitcwork, lntcrfucc Piping, Roods @ 5% $ 231!,1!30 Sitework, Interface Piping, Roods @ 5% 
Total Conslntction Cost $ 5,015,370 Total Construction Cost 
General Contractors Overhead &. Profit @10% $ 501,540 General Contractors Overhcnd &. Profit @12% 
Subtotall s 5,516,910 Subtotoll 
Engineering@ 10% $ 551,690 Engineering @ 10% 
Subtotal 3 s 6,068,600 Subtotal 3 
Legal, Fiscal and Administrative Services s 109,650 Legal, Fiscal and Administrative Services 
Interest during Construction @ 7% s 1,195,750 Interest during Construction @ 7% 
Total Capital Cost s 7,374,000 Total Capital Cost .. 
Annualized Capital Cost s 696,050 Annualized Capital Cost 
O&MCost• s 11,000 
Total Annual Cost s 707,050 
•o &. M cost is the cost ofEnergy, Maintenance material, and Labor of High service pumping station 
Construction 
Cost 
s 1,218,130 
$ 330,690 
s 93,270 
$ 835,710 
s I 12,510 
$ 33,750 
-
s 2,624,060 
$ 131,200 
s 2,755,260 ,_,. 
$ 275,530 -Vl 
$ 3,030,790 
$ 303,080 
s 3,333,870 
$ 60,700 
$ 373,500 
s 3,768,070 
s 355,679 
In teres! rate 
Design life 
Annual W'ater produced 
Criteria or Cost 
Collection Cost 
Storage B:tsin Cost 
Tn:utment Cost• 
Mnin Distribution System 
User's Connection 
Lund Cost 
Total Cost 
Scenurio populnlion estimates 
Recreation benefit unit 
Total Cost Summary for Scenario 4 
·(Option I = Irrigation only) 
7% 
20 yr 
307,198,965 gal 
Total Capital Annunl 
Cost$ Cnpltnl Cost ($/yr) 
$ 8,324,870 $ 785,809 
$ 12,929,175 $ 1,220,423 
$ 232,566 $ 21,953 
$ 7,374,000 $ 696,053 
$ 3,768,070 $ 355,679 
$ 575,000 $ 54,276 ................ ................ 
$ 33,203,680 $ 3,134,190 
Total Benefits Summary for Scenario 4 
(Option I = Irrigation only) 
6142 person 
Tolnl Annuul Storage Busin cost for Oood control 
Flood control 8/C fnclor 
3.50 $/person-c.Jny 
1,281,444 ($/yr) 
I.S 
Annual water saving volume 
Water rate per 1000 gallons 
• Design life for Trentment facilities is 20 yrs 
Water Saving 
Denent ($/yr) 
$ . 491,518 
307,198,965 (gnl/yr) 
$ 1.60 
Flood control 
~ 
$ 1,922,166 
O&M 
Cost ($/yr) 
$ 15,720 
$ 61,020 
$ 32,510 
$ 11,000 
$ -
$ ----············· 
$ 120,250 
HecreRtlorud 
llenelit 
$ 64,491 
TotRI Annual 
Cost ($/yr) 
$ 801,529 
$ 1,281,443 
$ 54,463 
$ 707,053 
$ 355,679 
$ 54,276 
··············--
$ 2,452,910 
Total Annunl 
Uenent 
$ 2,478,175 
Cost per 
JOOO gnllons 
$ 2.61 
$ 4.17 
$ 0.18 
$ 2.30 
$ 1.16 
$ 0.18 ................ 
$ 7.98 
Ucnent per 
I llflll gnllon.'l 
$ 8.07. 
0\ 
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APPENDIXB 
WATER DEMAND DATA 
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Table B-2 Nonpotable Water Demand of Scenario 1 -Individual SO'Ucture (Institutional) 
IEntcr.WatcrDcmand Cod~:;:.;~ I ll 
• Water Demand Code ;u-e: 
0 if only number of house data is available 
1 if monthly potable water usage data is available 
~., 
.)_ 
23 
33 
29 
21 
30 
31 
31 
30 
31 
30 
R~ltc of. Calculated~~~~ .Toilctnu:sh.ing' ;,:, lrrigatioa ;~; il'otalNon~e ~:.:;,'('~.~.-··..,·~h';. "1.\.oo;,:,~.::4r.-~~J.~~ --~..:. .. .. -:~~ ~:;.;,;_~~~: ~-tr--~-~;;.;1,~ ·~:~;;rDem3i:id.!l-1~1t~.=..~~~ ~~~~.-:-..-:ODJy.·~-u.-:"· :...~~vw.r~~ ;lif~~~,;Usc:s;'1i~ .... r: 
Peakmon!Avg day Demand (gpdr.. ~:-,~:s.us·~""!;.k!. ~-.,~~2,.1..53--<~!~~ :k-""•.# .. !+7.271·!!~~ 
rrotal au:nualwater.Demand (gal/yr ~ .~1,822.,04£:!',· .. .,:. .... ::301 :Mil·::::t; .-~ 2,U9,.9llkX'.: 
Entec thC' number of hOOSC' data'mtliiStable~t:i~:r":".i?::=:;;;i.S~~:?.i-?.;,.·:r;:-.~;:.'!:"-"':~./!.:....,.,~~ 
~th~~~~~~ ~~~~~ M~~t.}' ... ;HighDensitY,·J! ~rdiriitO~~!tici~t~:i~ -r--o..,..~.t~r ·"c4~Aa:e5 ~liOasaiA~i~ 
[l'!~m~beroftmitrcsidems:-,...;-;,y.:"*~:"::: 0 0 0 
A.l = Daily Average for Jan, Feb. Mar, Nov, Dec 
A .. 2 = Daily Average for May, Jun. Jul. Aug 
Toilet Flushing= 28% A.l 
Outdoor use= A.2- A.l 
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Table B-3 Nonpot:lble Water Demand of Scenario 1 -Individual Structure (Commercial) 
IT_._t • ...;..ual··-• .,.,__d r...;.TJ..."\.-· ~-•f'A"'SlA wtoC"..:~·.;_;.: 1.a.U\il.l AU.U "ar..er ~ \.5AII7'•1- · ~:.r.t~:-n~.:. .,u...v-~..=t· 
I 
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Table B-5 Nonpotable Water Demand for Scenario 2- Residential Subcathment Area (5 Acres or Less) 
. -- 301;398- ~ . .., .930.541 ·' 
Enter the number of house data in this table. "'" ~:;-:,.,:: :.-:-.;;;. __ · :' ::,'""··-_,.; -~·,-:. ,,._,~.,:~- ·= .·!_,~. :::·.<:; .=; ; ... · • 
Ent~;~n~~~~;:;{f:J:;:;;:~.::~.:..,~ 
according to the popUianOii desitj r:\~;~ 
·:-l.c:!w~~: M~.Dc:nsity 
,i(i. liOlhei.A'&e)'.' · <4 iiOti.SCSIAae> 
0 18 
.:, : HipDcDsity.;.-!-
(26 W:rlt aPtf Acre)' 
0 
12} 
Table B-6 Nonpotable W:lter Demand for Scenario 3- Mixed Population Densities 
IE:nter:thenwnberofhousc data in this tab~i".~~"':~:~~-'-~:1'"..:!..::.·:~~:...,_;., -:-· ~=:·t:1~f.-';;- · 
ll:..terrhenumbc:rofhoose ··;··:·:;:.:-.-::,::."~"' •?:tow:~ Medium~ ..!'!;·High.D_e'DSity:·::~~ ~fdin,·ti>·thi·~oncbiiY~·=:!E.¥. jcf~ieie>'~~ ::t4~~~>! :(lO·~:aJ;cik:ie> 
!Numberofunit.residents-·~ ::-, ... :=·-~.:.. • .,,. 66 SIO 6~ 
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Table B-6 Nonpotable Water Demand for Scen:lfio 3- Mixed Population Densities 
otal Nonpotable Water Demand for Scenario~·:-: · .. -. •; 
Month::: Days .;.:~ .. DailY T9jlet:f-:::.::;j.~Daily _Outdoor:."~-=- .. ,:-. MontlyJ:9H~.r,~~-tltlY.9utd901"~- .· ~}.to~tblyTotal ::~ 
.. ··.···-", .•... ,. •.. '',:0. .......... ,._ ... -···-....... ' ,• .. __ , .. ,.,.... -·· ... -·- . ···--...:sr-~- ·-· .•... c.-- ·.:-~~.11 ..• ~- "'·.-Ill!··· 
' :: ·. ·' •i ·: "':·: ·· .. _.Use (ga11day}':,..~·- ~;;Use (gal/day) :.· .. '· · Use (gal/moD-)1-~.ilUse (g31/rilon.) ;:·.· NonpOtable Uses 
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Table B-7 Nonpotable Water Demand for Scenario 4- Variable zoning 
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Table B-7 Nonpotable Water Demand for Scenario 4- Variable zoning 
Peak moo/Avg day Demand.(gpd)V=~~ • • :. -'178,238 , ... 
Total annual water Demand (gallyr).·-:> ·-·.65,057,045--. · 
Enter the number of house dataiatbistable -~': . . :~ .· --~~-·=·:s · .. ~~-i~~-:Wri:•-;~~ ... :~;~­
Ente:r the uumber.o£ho~""~!&1;--? .MediumDensity ··i·mghpemity;;·~· 
ai:COnling io ihitJ,optiiatf~t%'f;?.~ '(~"bOUsesli\C:iC) '(2(j'Wiit'iji!A.Cie) 
Number ofunilresiderus-.. 1'.~,;:'!~~,,,:.:~ 1.778 110 
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APPENDIXC 
COST AND BENEFIT CALCULATION RESULTS 
'ruble C-1 ·rotnl cost mul benefit suommry of nonpolnble wnlea· a·euse fm· Scennrio 1 - Resldenli:ll 
(Option I = Irrigation uses only) 
Total cost eslimallo~ summary ror Scenario I • ne:dclenliul 
Interest rote 
Design life 
Annual Water produced 
Criteria of Cost 
Collection Cost 
Stomge Tautk Cost 
Trentment Cost 
Muin Distribution System 
User"s Connection 
Llutd Cost 
Tot:d Cost 
7% 
211 yr 
39.4511 gal 
Totnl Cnpitnl 
Cost$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
3,JIKI 
653 
4111 
1511 
4,510 
Total benefit estimation summary ror Scenario 1 • ltesldenthtl 
Scennrio population estimnles 
ltecrention benefit unit 
Annuulized Stomge llusin cost for llood control 
Flood control IJ/C factor 
AMual water saving volume 
Water rule per 11100 gallons 
$ 
$ 
3.3 persun 
II $/penmn-day 
1.5 
39,4511 (gnllyr) 
2.15 
Water Saving 
Uenerit ($/yrl 
$ 85 
Annual 
Cnnitul Cost ($/yrl 
$ . 
$ 311 
$ 62 
$ 39 
$ 14 
$ . ................. 
$ 4311 
rruml contml 
Benefit 
s 
I 
O&M 
Cost ($/yrl 
$ . 
$ 16 
$ 65 
$ . 
$ . 
$ . ................ 
s 811 
Recrentinnal 
Benefit 
$ 
,......\ 
Totul Annunl 
Cost ($/yrl 
$ . 
$ 327 
$ 127 
$ 39 
$ 14 
$ . 
·······-········ 
s Sill 
Tulnl Annual 
Ilene lit 
S R5 
Cost per 
JIXXI gulluns 
$ 
$ 8.29 
$ 3.22 
$ 0.98 
$ 0.36 
s ................ 
$ 12.85 
IJ/C rutin 
0.17 
llenent per 
IIKXI gnllnns 
$ 2.15 
-N 
0'. 
Table C-2 Total cost ~md ben cOl summary of noni)Oiablc w:tler reuse for Srcnmio I - Residential 
(Option 2 =Irrigation&. toilet nu.~hing) 
Tolnl C'OSI eslimnlion summary fur St•eJmrio I • Rcsldenllnl 
Interest rate 
De.~ign Ufe 
Alu1Ual Water produced 
Criteria of Cnsl 
Collection Cust 
Stnrugc Tank Cnst 
Treatment Cnsl 
Mnin Distrihutiun System 
User's CnmJcctinn 
Lund Cnst 
Tulni Cnsl 
7% 
20 yr 
74,490 gul 
Total Cupilal 
Cnst$ 
$ 
$ 
$ 
$ 
s 
s 
$ 
IR.li37 
(,53 
410 
450 
20,150 
Tolnl benefit eslimnlion summnry for St·ennrio I • Rc~irlcnlinl 
Scenario pnpulatinn eslinwles 
Recreation henelit unit 
3.3 person 
0 $/pcrson·tluy 
AluJuaUzc:d Stnruge 811..~in cust fnr fliM>d c $ 
Plmlll cnntrnl B/C fuctnr 1.5 
Annuol wuter saving volume 
Water rule per 1000 gulluns $ 
74,490 (guUyr) 
2.15 
Wutcr Suving 
Acnelit ($/yr) 
$ 160 
Anmutl 
Cupitul Cost ($/yr) 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
1,759 
62 
39 
42 
1,900 
Flo111l Clllllrol 
llcnclit 
$ 
O&M 
Cost ($/yr) 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
KB 
65 
ISO 
Rccrculillnul 
l11·nclit 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
Tnlul Almuul 
Cusl ($/yr) 
I.R47 
127 
39 
42 
2,1160 
T11tul Anmu•l 
llcndit 
$ 1611 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
Cust per 
J(XJO gnllnns 
24.RO 
1.70 
0.52 
0.57 
................ 
27.59 
B/C rutin 
O.OK 
llcnclilpcr 
J(KKiguJI11ns 
$ 2.15 
tv 
·-J 
Table C-3 Total cost and benefll sununary of non1Jotnble wnter reuse for Scenmio I - lnstitutimml 
(<Jrtinn I = lrrigatlnn u~scmly) 
Tolal c:osl esthnallon u-mmory for Sc:enario I · hL'IIIIlullonul 
Interest rule 
Design life 
Annwal Water rruduccd 
Criteria of Cu~t 
Cnllcctiun Cusl 
Sturuge Uusin Cnsl 
Trcutmcnl Cust 
Main Distrihutiun System 
User's CuJuJcctiun 
l..andCusl 
Tulul Cusl 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
7% 
20 yr 
307,695 gal 
Tnlul Cnpitul 
Cnst $ 
Ui0,130 
20,870 
41,0<111 
122,1).(0 
41,6(.0 
2,250 
387,990 
Tobal benefil'll eslhnnllon SUIIIIIIIU'Y rnr Sl'l!llllrio I • hL'IIIIIulionad 
Sccmuin J'llJ'Uiutiun cstimulcs 
l~ccn:utiun henclit unit 
Alutuulizcd nnud cuntrul cost 
r=tnud cunlnJI 8/C r uctur 
Atu1uul water saving vulwnc 
Water rule per IIXIO galluns 
$ 
$ 
96 JlCrSnn 
0.00 Sll'c~nn-duy 
2,070 
I.S 
307 ,ti95 (gullyr) 
2.15 
Wutcr Saving 
Bcnclit CSiyr) 
$ 662 
• Annuul total cn!ll was excluded dae cullccllnn cnlll 
Am mal 
CoJ'ilnl Cust (;Eiyr} 
$ 15,115 
$ 1,970 
$ 3,874 
s 11,520 
$ 3,932 
s 212 .................. 
$ 36,620 
Flnntl cnnlrnl 
llL·nclit 
s 3,105 
O&M 
Cnst(~rl 
$ 31XI 
$ II XI 
$ 11,9(t(} 
s 2,080 
s . 
$ . . ............... 
$ 14,440 
l{ccrCIIIia •nul 
Ilene lit 
$ 
Tubal Amnml 
Cusl {tlyr} 
• 
$ 2,070 
$ 15,834 
$ 13,6(10 
s 3,932 
$ 212 
···········-···· 
s 35,650 
'l'nllaiAnnuul 
lh.'ladit 
$ 3,767 
Cnsl per 
IOIXI gnllnm; 
$ 
$ ti.73 
s 51.4ti 
$ 44.20 
$ 12.78 
s 0.69 ................. 
$ 115.86 
llcndit I"'' 
IIXXI gnllnmc 
$ 12.24 
N 
00 
T:tble C-4 Total cost gnd benefit summnry of nonJ)Ohtble wuter reuse for Scennrio 1 - lnstltutlonnl 
(Option 2 = Irrigation & toilet flushing) 
Total cost estimatlo'tl summary for Scenario I • hL<~tltutlonnl 
Interest mte 
Design life 
Annual Water produced 
Criteria of Cost 
Collection Cost 
Storo~ge Basin Cost 
Treatment Cost 
Main Distribution System 
User's Connection 
Lmul Cost 
Total Cost 
$ 
$ 
$ 
$ 
$ 
s 
$ 
7% 
20 yr 
2.129,775 gal 
Total Capital 
Cost$ 
160,130 
74,160 
I) 1,690 
125,560 
64,1) Ill 
5,0t)(l 
521,450 
Total benefits estimation SUIIIIIIHry ror Scenario I . Institutional 
Scenario population estimates 
Recreution henerit unit 
Annualized flood control cost 
Plood control B/C factor 
Annual water saving volume 
Water mte per 1000 gallons 
$ 
$ 
1)6 person 
O.IXl $/pe1~un-day 
2,070 
1.5 
2.129,775 (gallyr) 
2.15 
Water Saving 
IJenent ($/yr) 
$ 4,579 
• Annualtotnl cost wns excluded the collection cost 
Annual 
Capital Cost ($/yr) 
s 15,115 
$ 7,000 
$ 8,655 
s II.R52 
s 6,127 
$ 472 ................. 
s 49,220 
Flnnd cnntrnl 
llrnrnt 
s 3,105 
O&M 
Cost ($/yr) 
$ 300 
$ 350 
s 20,230 
s 2,140 
s . 
s . . ............... 
s 23,020 
lterre:tlinnal 
llcnrnt 
s 
TotniAnnual 
Cost ($/yr) 
• 
s 7,350 
$ 28,R85 
s 13,992 
$ 6,127 
$ 472 . ................... 
s 5fi.K30 
Total A mmnl 
IJenrnt 
s 7,til!4 
Cost per 
IIKKI gullons 
s 
$ 3.45 
s 13.56 
s (i,57 
$ 2.KR 
$ 11.22 . ............... 
s 26J,R 
11/Cwtiu 
11.14 
llrnrrll prr 
1111111 en linus 
s J.(,J 
-N 
\0 
Tuble C-5 Totul cost and brne(it summnry of nonpotnblr wntrr reuse for Scen:nio I - lnstltutlonnl 
(C>Jttinn 3 = lrrigulinn & r:in: lighting) 
Tubal t"OSI estlmulloll'5Uilii11Ury ror St·enurlo I . hL-rlilullumd 
Interest rate 
Design Ufc 
A1uawd Water pruduced 
Criteria of Cost 
Cnllectinn Cost 
Storage 8a.'lin Cost 
Treatment Cnst 
Main Distribution Sysll!m 
User's Cmuaection 
landCust 
TullaiCu11t 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
7% 
20 yr 
307,695 gal 
Total Capital 
Colli$ 
160,130 
20,870 
41,040 
246,370 
41.300 
2,250 
511,960 
'l'olnl benefit" ~tlmntlcmsmnmllry rur St-etmrlu I • hL"IIIullcuud 
Scennriu I""JIIIIutinn elllinualc.'l 
Rccn:utinn hcnclilunil 
Atuaunli7cd lkoml cnnlrnl eusl 
Fh~ttd cunlrnl IJ/C faclur 
Annual water ~~Uving vulume 
Water rule Iter J()()() gullnns 
$ 
s 
96 rersun 
0.00 $/JICFSIIII·lllly 
2,070 
1.5 
307,695 (gul/yr) 
2.15 
Water Saving 
Rcnclil (Sfyr) 
s 662 
• Annualtutul cnst was excluded du: cullecliun cnst 
Annual 
C11pibal Cnsl ($/yr) 
$ 15,115 
$ 1,970 
$ 3,R74 
$ ~3.2~6 
$ 3,R9R 
$ 212 ...................... 
s 4K,33U 
FilM Ill cnnlrnl 
llcndit 
s 3,1115 
O&M 
Cnst ($/yr) 
$ 31Xl 
$ 100 
$ 11,9(,() 
$ 2,0RO 
$ 
$ 
.......... .i .......... 
$ 14,440 
l~ccrcnlianml 
llcnclit 
$ 
.... 
s 
$ 
$ 
$ 
$ 
$ 
·rntul Annuul 
Cnsl ($/yr) 
• 
2,070 
15,R34 
25,336 
3,898 
212 
47,350 
Tubal Amnual 
IIL·nclil 
$ 3,7(,7 
Cnsll'cr 
HXKlg11llnns 
$ 
$ 6.73 
$ 51.46 
~ 82.34 
$ 12.67 
$ ll.W . .................... 
s 153.R9 
11/C rutin 
O.UK 
llcndit JICr 
IIXXI g11llnmc 
s 12.24 
-w 
0 
Table C-6 Total cost and benent summary of nonrJOtnble water reuse for Scrnnl'lo 1.- Institutional 
(Option 4 = Irrigation, toilet llushing & Fire lighting) 
1'otnl cost rsllmatloi• summary ror Scenario 1 - hL<~tllutlonal 
Interest mte 
Design life 
Annunl Water produced 
Criteria of Cost 
Collection Cost 
Stomge Uasin Cost 
Trenlment Cost 
Muin Distribution System 
User's Connection 
Lund Cost 
Totnl Cost 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
7% 
211 yr 
2,129,775 gal 
Tot1l C:1pit1l 
Cost$ 
J(i!l,l30 
74,1611 
91,6911 
248,900 
64,9J() 
S,tKKI 
644,7911 
Total brnents estimation summary ror Scenario I -lnslitutionnl 
Scenario population estim!ltes 
Recrention benefit unit 
Annunlized llood control cost 
Flood controiii/C fnctor 
Annual w.1ter snving volume 
Wnter nile per 11100 gallons 
$ 
$ 
96 person 
0.1111 $/pet11on-dny 
2,0711 
1.5 
2,129,775 (gallyr) 
2.15 
Water Snving 
Benefit ($/yrl 
$ 4,579 
• Annual total cost was excluded the collection cost 
Anmml 
Cnpital Cost ($/yrl 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
15,115 
7,000 
8,655 
23,494 
6,127 
472 ................ 
611,8611 
Plnud contrul 
llenefit 
$ 3.105 
O&M 
Cost ($/yrl 
$ 31KI 
$ 350 
$ 211,2311 
$ 2,140 
$ 
$ . ............... 
$ 23,1120 
l{ecrentimml 
Ilene lit 
$ 
Tutul Annual 
CostGlvrl 
• 
$ 7,350 
$ 28,885 
$ 25,634 
$ 6.127 
$ 472 . ............... 
s 68,470 
Tntal Annual 
Benefit 
$ 7,684 
( ~ost Jlet· 
1111111 gnllnns 
$ 
$ 3.45 
$ 13.56 
$ 12.114 
$ 2.88 
$ 11.22 . ............... 
$ 32.15 
11/C mtiu 
0.11 
Jlenelil per 
1111111 gnlluns 
$ J.lil 
....... 
w ....... 
Tnble C-7 Totnl cost nnd bencnt summary of nonpotnhlc walr•· rrusc f01· Scrnario 1 - Institutional 
(Option 5 = Pire righting only) 
Tolal cosl esllmallo·h summary for Scenario I - lnslllullonul 
Interest role 7% 
Design life 20 yr 
Annual Water produced 0 gnl 
Tot;tJCapit;ll 
CJiteria of Cost Cost$ 
Collection Cost s I till, I 30 
Stomge Bnsin Cost s 211,K711 
Treatment Cost s 47,4 J() 
Mnin Distlihution System s 152,2411 
User's Connection $ . 
Lnnd Cost s 2,2511 ................ 
Tntnl Cost $ 382,91111 
Total bcne111s esllmallcm summary fnr Sccnurln I • hL'IIIIullcmal 
Scenurio pnpulution estimates 
ltecrenlion henelil unit 
Annunlized nood control cost 
Ploot.l control B/C fuclor 
Annual water snving volume 
Wuter r.tte per JCXXI gallons 
$ 
$ 
9Ci person 
0.110 $/persnn·day 
2.11711 
1.5 
- (gallyr) 
2.15 
Water Saving 
Benefit ($/yrl 
s 
• Annual total cost wns excluded the collection cost 
Annual 
Capilal Cost {$/yr} 
$ 15,115 
s 1.970 
$ 4,475 
s 14,3711 
$ . 
s 212 . ............... 
$ 36,1411 
Plnod contml 
Bene lit 
$ 3.105 
O&M 
CnsU~vr) 
s 3tKI 
s IlK I 
s . 
s 2.11711 
$ . 
$ . . ............... 
$ 2,4711 
Recreational 
Bene lit 
$ 
Totul Annunl 
Cm•US/vrl 
• 
$ 2.070 
$ 4,475 
$ 16,4411 
$ . 
$ 212 
. ................ 
$ 23,21111 
Total Antilla I 
Ilene fit 
$ J,HI5 
$ 
Cost per 
JIIIKII!allnns 
NIA 
NIA 
N/A 
N/A 
N/A 
N/A . ............... 
11/C ratiu 
0.13 
Beuelit pc:r 
Jllllllgallnns 
NIA 
-w 
N 
Table C-8 Total cost nnd benent sunumtry of noniJOhtble wnter •·euse for Scennrio I - lnslitutlomtl 
(Option 6 = Recreutiun und lloud control) 
Total cost esllmallo"it summary for Scenario I • hL"'tllullonul 
Interest rule 
Design life 
Annual Wuter produced 
Criteria of Cost 
Collection Cost 
Slomge Uusin Cost 
Treutment Cost 
Main l>istrihution System 
User's Connection 
Land Cost 
Tolul Cost 
7% 
20 yr 
II gal 
Totul Cupilul 
Cost$ 
s I 611,1311 
s 211,8711 
$ . 
s . 
$ . 
s 2,2511 ................ . 
$ 183,2511 
Total benent5 esthnallon SUIIIIIIIIry ror Scenurhl I • lnslituliunal 
Scenario population estimates 
Recreution benefit unit 
Annu:alized llood control cost 
Flood control ll/C fuctor 
Annuul wuler snving volume 
Wnter rule per IIKIU gullons 
$ 
$ 
96 persun 
CI.IKl S/person-d:1y 
2,11711 
1.5 
- (gallyr) 
2.15 
Water Snving 
Benefit CSixr> 
s 
• Annuut total cost was excluded the collection cost 
Annual 
C;•oitul Cost ($/vr) 
s 15,115 
s 1,970 
$ . 
$ . 
$ . 
$ 212 ................ 
$ 17;31HI 
Flood contml 
Benefit 
$ 3,1115 
O&M 
Cost ($/vr) 
$ 31KI 
$ II XI 
$ 
$ 
$ 
$ . ..............• 
s 4110 
Recreutional 
ncnelil 
$ 
TuluiAnnnul 
Cost ($/yrl 
• 
$ 2,070 
$ 
s 
s 
$ 212 
$ 2,2811 
Totnl Annual 
nenelil 
S 3, IllS 
$ 
Cost per 
IIKKl gullnns 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
11/C mtio 
1.36 
JJenelil per 
IIJIKl gallons 
N/A 
...... 
w 
w 
Table C-9 Total cost and IJCmen~ summnry or nopotable Witter reuse for Sc:ennrio I • ( :ommerc:iul 
(Conunercinl uses nnly) 
'l'olal cost estbnallott~11tntnary for Stettarlo I · Commerdal 
Interest rate 
DesignUfc 
Annual Water produced 
Criteria nf Cust 
Cullectinn Cust 
Storage IJusin Cnst 
Treatment Cost 
Main l>istrihulinn System 
User's Cnnneclinn 
Land Cost 
'l'utul Cust 
s 
s 
s 
s 
s 
s 
s 
7% 
20 yr 
513,920 gal 
Tutu! Capital 
CostS 
344,240 
I 17,670 
97,950 
6H,H30 
-
15,000 
·······-···-----
643,690 
Total benefit rstlmatiott 5UIIIIllllry fur s,·.marlo I . Commenilll 
AMuaUzed nnod control cost 
Rood control 8/C factor 
Annual water saving vulumc 
Water rate per 1000 gallons 
s 
s 
I 1,660 
J.S 
513,920 (gal/yr) 
1.47 
Wuter Saving 
Renelit (S/vrl 
s 155 
• Aru10al total CliSI was excluded the collection cnsl 
Anmml 
Cnttil:ll C 'nst ($/vrl 
s 32,494 
s 11.107 
s 9,246 
s 6,491 
s -
s 1,416 ................ 
s 60,760 
nnml cnntrnl 
·ncnclit 
s 17,490 
O&M 
( 'nst ($/yr) 
s 650 
s 560 
s 20,150 
s 2,090 
s -
s -----············ 
s 23,450 
nccrcntinmtl 
Ilene lit 
s 
Tutu! Armuul 
Cnst ($/vrl 
• 
s 11.667 
s 29,396 
s 8,5H7 
s 
s 1.416 
-··········-·--
s SI.070 
TuiiiiAnnunl 
lh:nelit 
S IH,245 
Cnst JICf 
I 000 !!ltllnns 
s 
s 
s 
s 
s 
s 
s 
22.70 
51.20 
1~.71. 
2.76 
99.37 
llenelitJier 
IOOOgnllnns 
s 35.50 
-t..J 
~ 
Table C- tO Total cost and benelit summary uf nunputable wate•· reuse fen· Scen:u·iu I - Industrial 
(lndu::triul m;es only) 
Totnl cost esthnutlon summnry for Scenario I - lndu'ltrinl 
Interest rate 
Design life 
Anmwl Wuter produced 
Criteria of Cost 
Collection Cost 
Storage Rusin Cost 
Treatment Cost 
Muin Distribution System 
User's Connection 
Lund Cost 
Tolnl Cost 
7% 
20 yr 
21,872,600 gul 
Total Capital 
Co:;t $ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
215,7(,0 
252,020 
182,240 
58,970 
13,250 
722,240 
Tutnl benefit csthnution summnry fur Sccnnriu 1 • lndustrinl 
$ 
Annual 
Cnpilal Cost ($/yr) 
$ 20,3(i(j 
$ 23.789 
$ 17.202 
$ 5,566 
$ -
$ 1.251 --------------·-
$ 6!!,170 
24,9!10 Annuuli1.ed llood control cost 
Flood control B/C fnctor 
Annual wutcr ::uving volume 
Wnter rule per 1000 gallons 
1.5 
21,!!72,fi00 (gallyr) 
Wnler Saving 
Bcnclil ($/yr) 
$ 23,185 
• Annual total cost was excluded the collection cosl 
$ l.()(j 
rrootl control 
Ilene Iii 
$ 37.470 
O&M 
Cos I ($/yr) 
$ 410 
$ 1,190 . 
$ 20,150 
$ 2,730 
$ -
$ ----·--·--·------
$ 24,480 
Rccrcalionnl 
Ilene lit 
$ 
Total Annual 
Cost ($/yr) 
• 
$ 24,979 
$ 37,352 
$ 8,296 
$ 
$ 1,251 ----------------
$ 7 I ,!!80 
Tolnl Ammal 
Ilene Iii 
$ 60,(,55 
Cost per 
J(XXl gnllons 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
1.14 
1.71 
0.38 
0.06 
3.29 
IJ/C rnlio 
0.!14 
llcuclil per 
JIXXlgnllons 
$ 2.77 
w 
VI 
Table C-11 Total cost und benefit sumnmry of non1JOtnble water reuse for Scenario 2- Subcnchment Residential Aren {5 Acres or Less) 
(Option I = Jn·igution uses only) 
Total cost cstlmatlo'h summary for Scenario 2- ltcsldcntlal 
Interest rate 
Design lire 
Annual Water produced 
Criteriu or Cost 
Collection Cost 
Stomge Dusin Cost 
Treutmcnl Cost 
Main Distribution System 
User's Connection 
Land Cost 
Totu!Cust 
7% 
20 yr 
301.490 gul 
Total Cupit:tl 
CostS 
$ 46,71KI 
$ 1,438 
$ 41,010 
$ 57,8311 
S 3S,71KI 
$ 52 
$ I 82,7311 
'l't~lal bcncnt estimation summary f11r Sccn:trl11 2- Ucslclcnllnl 
Scenario population estimates 
Recreation benefit unit 
Annualized nood control cost 
Plood control U/C ructor 
AMuul Wttler saving volume 
Wuter rule per 111011 gallons 
$ 
$ 
611 person 
O.IKI $/person-day 
1111 
J.S 
3111,490 (gnl/yr) 
2.15 
Water Saving 
Benefit ($/yrl 
$ 648 
•AMuultotal cost was excluded lhe collection cost 
Annual 
Cupitul Cost ($/yr) 
$ 4,4118 
$ 136 
$ 3,871 
$ 5,459 
$ 3,3711 
$ s ................ 
$ 17,2511 
flood conttul 
nenefil 
$ 165 
O&M 
Cost ($/yrl 
$ 911 
$ HI 
$ II,'J611 
$ 2,1180 
$ -
$ -. ................ 
$ 14,140 
l{ecreatiunal 
Ilene fit 
$ 
Totul Annuul 
Cost ($/yrl 
• 
$ 146 
$ 15,831 
$ 7,539 
$ 3,3711 
$ s . ............... 
$ 26,8911 
Total Annual 
Jlenel'il 
$ 813 
Cost per 
JIIIKI gullons 
$ 
$ 11.48 
$ 52.51 
$ 25.1XI 
$ 11.18 
$ 0.112 
$ 89.19 
11/C niiiu 
11.113 
llc:nelil per 
IIKXI gallons 
$ 2.70 
-w 
0'\ 
Table C-12 Total cost and beoent summary of nont)Ohlble water· r·ruse for Sc.·emu-lo 2- Subcnchment Resident btl Are:' (5 Acres or Less) 
(Option 2 = lrrigulion &. toilet llushing) 
To lui cost esllmalloi1 summary ror Scenario 2- llesldenllal 
Interest rule 
Design lire 
Annuul Wuler produced 
Cdleriu or Cnsl 
Collection Cost 
Stomge llusin Cost 
Treatment Cost 
Main Distribution System 
User's Connection 
umdCost 
TotuJCost 
s 
s 
s 
$ 
$ 
s 
$ 
7% 
211 yr 
9JII,JKS gal 
Total Cupilal 
Cosl $ 
46.71Xl 
8,7711 
. 85,8411 
58,760 
41,4RO 
260 
241,8JU 
Tubtl benent esllmallun summary rur Scenario 2 • llesldentinl 
Scenario population estimates 
ltecreution henerit unit 
Annualized llood contml cost 
Flood control 11/C ructor 
Atmu:al wuter saving volume 
Wuter ntte per JOIXl gullons 
s 
$ 
60 person 
Cl.IXl $/pet~nn-dny 
1111 
1.5 
9311,385 (gallyr) 
2.15 
Water Saving 
llenerit CS/yr) 
s 2,000 
•Annuul tolnl cost was excluded Ute collection cost 
Annuul 
C:IJlit:tl Cost ($/yr) 
s 
s 
$ 
$ 
$ 
s 
$ 
4,4118 
828 
R,l113 
5,547 
3.915 
25 ................ 
22,R31l 
Plood contrnl 
Bene lit 
$ 165 
O&.M 
Cnst ($/yrl 
$ 911 
$ 41 
·$ 211,2311 
s 2,1!Kl 
$ 
$ 
··-············· 
$ 22,461) 
Recreational 
Ilene lit 
$ 
Totnl Annunl 
Co:~t11l.vr} 
• 
$ 869 
$ 28,333 
$ 7,647 
$ 3,915 
s 25 . ............... 
$ 411,790 
Tntul Anrnml 
llenerit 
S 2,Hi5 
Cost per 
.JtXKl l!nlluns 
s 
$ 11.93 
$ 311.45 
$ R.22 
$ 4.21 
$ 11.113 . ............... 
$ 43.84 
ll/Cmtiu 
ll.IIS 
llenelit per 
IIXXI gallons 
s 2.33 
-w 
-..J 
Table C-13 Total cost mul bef!ent Sllm1m1ry of nont)OUible water reuse for Scenario 2- Subcaclunent Resldentlnl Area (5 Acres or Less) 
(Option 3 = Irrigation & lire righting) 
Tulal cusl rsllmallun summary fur Scenario 2 • ltesldrnlhtl 
I nteresl rate 
Design life 
Annual Water produced 
Criterin of Cost 
Collection Cost 
Stomge Basin Cost 
Trentrnent Cost 
Main Distnhut.ion System 
User's Connection 
Land Cost 
Total Cost 
7% 
20 yr 
3111,490 gal 
Total C:tpital 
Cost$ 
$ 46,700 
$ 1,438 
$ 41.010 
$ 152,9711 
$ 35,400 
s 52 
$ 277,570 
Total benellt estimation summary fur Scenario 2 • ltesldentinl 
Scenario popuhllion estimates 
Recreation henelit unit 
Annualized Jlood control cost 
Flood controiii/C factor 
Atmu:tl water saving vohnne 
Water mte per 10110 gallons 
$ 
$ 
611 person 
().()() $/pei'SOII·tlay 
110 
1.5 
301.4911 (gal/yr) 
2.15 
Wnter Saving 
Benefit ($/yr) 
$ 648 
•Annualtolltl cost was excluded U1e collection cost 
Annual 
Capital Cost ($/yr) 
$ 4.4118 
s 136 
s 3,871 
s 14,439 
$ 3,342 
$ 5 ................ 
s 2fl,21l0 
rlnod control 
Ilene fit 
s J(i5 
O&M 
Cost ($/vrl 
s 90 
$ Ill 
$ 11,%0 
$ 2,11811 
$ . 
s . . ............... 
$ 14,140 
Recreational 
llt:nelil 
$ 
Tohtl Annual 
Cost.!1lv!l 
• 
$ 146 
$ 15,831 
$ 16,519 
$ 3,342 
s 5 
-······-········ 
$ 35,840 
Tulal Annual 
Ilene lit 
S KIJ 
Cost per 
ltXIO gallons 
$ 
$ 0.48 
$ 52.51 
$ 54.79 
$ 11.08 
$ 0.02 
s 118.88 
11/C ratiu 
11.112 
llcru:lil per 
IIKKI gallons 
$ 2.711 
...... 
w 
OQ 
T:tblc C-14 Total cost and ben!!fit summary of nonpol:tble w:tter r·cuse for Sct•n:nio 2 • Subc:tchmcnt ltesldentlal Area (5 Acres or Less) 
(0ption4 = lrrlgatinn, tnilct flushing & Fire lighting) 
Totulcost estimnllon.summury for Scennrio 2 • Resldentlnl 
Interest rate 
Design life 
Ammo I Water produced 
Criteria nf Cnst 
Cnllectinn Cnst 
Stnruge Busin Cc1.~t 
Trcotment Cnst 
Main Dislrihution System 
User's Cn1ucectinn 
Lund Cost 
· Tntul Cnst 
$ 
$ 
$ 
$ 
$ 
s 
s 
7% 
20 yr 
930,385 gul 
Tnllll Capitol 
Cnst $ 
41i,71XJ 
8,770 
85,840 
.. 153,1i20 
41,480 
21ill 
331i,670 
Tutu! bcmelit esthnnllun sununnry for Sl·ennrin 2 • lle~identlul 
Sccnurin populution esllnuctc.~ 
Recrcullnn hcnclit unit 
Annualized flnml control cost 
r:lnnc.l contrnlll/C fuctnr 
Acucuul wutcr saving volwne 
Wuter rule per 1000 gullnns 
s 
s 
r.o person 
O.IXJ $/persun-cluy 
110 
1.5 
930,385 (guVyr) 
2.15 
Wuter Suving 
Benefit ($/yr) 
$ 2,1100 
• Amcualtntul cost was excludcc.lthe cnllcctinn cnst 
Amcwcl 
Cupitul Cost ($/yr) 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
4,408 
82!1 
!1,103 
14,501 
3,915 
25 
31,780 
Flnml cnntrnl 
llenclit 
$ lli5 
O&M 
Cnst ($/yr} 
$ 90 
s 41 
$ 20,230 
$ 2,100 
$ . 
s . ·······---------
$ 22,41i0 
l~ccmctinnnl 
llcnclil 
$ 
.. 
Tntul Annuul 
Cnst ($/yr) 
• 
$ 81i9 
$ 28,333 
$ lli,liO I 
$ 3,915 
$ 25 ---------------· 
$ 49,740 
TntuiAnmucl 
llendit 
$ 2,11i5 
Cnst per 
IIXXIgullnn~ 
$ 
$ 0.93 
$ 30.45 
$ 17.84 
$ 4.21 
$ 0,03 ................. 
$ 53.41i 
11/C rutin 
0.114 
llenelit Jl"r 
IIXIO gullnns 
s 2.33 
w 
1.0 
T:tblc C-15 Total cost and ben~nt summary of nonpotablc water reuse for Sn·n:1rin 2- Subc:1chment Residential Are:t (5 Acres nr Less) 
(Option 5 = Fire lighting only) 
Tolnlt·osl eslhnntiorr-summary for Scennrio 2- Reslclenllul 
Interest rate 
Design life 
ArurWtl Water prnduced 
Critcriu nfCnsl 
Collection Cost 
Sturogc Bll$111 Cust 
Treatment Cost 
Moln Distrihutiim System 
User's Curuu::ctiun 
Land Cost 
Total Cost 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
Tolul Cupilul 
Cnst$ 
7% 
20 yr 
0 gul 
4Ci,71KI 
I.IIKI 
47,410 
I 52,2411' 
52 
247,511() 
'l'otnl benefit estimntlon mrnunnry for St·enurio 2 - ltel>iclenllul 
Scenurio populption cstirnutes 
Rccreution hcnelit unit 
Aturualizal nund control cust 
r:loud ccmtrol 11/C fuctnr 
Annuul wuter saving vulwuc 
Wutcr rule per 1000 gulluns 
$ 
$ 
$ 
• Amruul total cost was excluded the collection cost 
r.o person 
0.00 $/pcrscm-duy 
110 
1.5 
2.15 
Water Suving 
llem::lit ($/yr) 
(guVyr) 
Anrnut.l 
Cnt>itnl Cust ®!:1 
$ 4,40:! 
$ 1114 
$ 4,475 
$ 14,370 
$ . 
$ 5 .......................... 
s 23,3(,0 
t=lnud cnn trol 
llcndit 
$ lti5 
O&M 
Cust (:$/yr) 
$ I)() 
$ 10 
$ . 
$ 2,070 
$ . 
$ . ....................... 
$ 2,170 
ltccrcntionnl 
llcnclit 
$ 
Tnlul Annuul 
Cnst (:$/yr) 
• 
$ 114 
$ 4,475 
$ 16,440 
$ . 
$ 5 
... .......................... 
$' 21,030 
Tutul Anmutl 
Ilene lit 
$ !tiS 
Cust per 
IIXXIgulluus 
N/A 
N/A 
N/A 
N/A 
N/A 
NIA 
... ........................ 
$ . 
11/C rutin 
O.ot 
llcm,Jitpcr 
IIXKlgnllun~ 
N/A 
-~ 
0 
Table C-16 Total c:ost and bcncijt summnry of nonpotnble wnler reuse for Sccnnrio 2 • Subcnclunent n~identlnl A rcn (5 Acres or Less) 
(Option 6 = Recreation ami llnnd cnnln11) 
Tolal I."OSI esdmadon-51Jnunary ror St·cmarlo l- Resiclendal 
lnleresl role 
Design life 
Annual Water produced 
f.'rilcria ur f.'nsl 
CullccUun Cosl 
Slurugc Basin Cnsl 
Treadmcnl Cosl 
Main l>islrihuliun System 
llscr's Connection 
!.and Cnsl 
Tnlal Cnsl 
s 
s 
s 
s 
$ 
s 
$ 
Tnlal Cupilal 
Cnsl $ 
7% 
20 yr 
0 gul 
46,700 
1,100 
52 
47,KSO 
'J'olal benefit estimation SUIIIIIIBry ror Snnarir• l- Reslclendal 
Scenario popululiun cslimalcs 
Rccrcnliun bc:nelil unil 
Annualized lluorl conlrnl cnsl 
I ~nnd conlrol IJ/C factor 
Annuul wulcr saving volume 
Wnlcr ralc per 1000 gallons 
• Annunllullll cusl wus excluded I he collect inn cnsl 
s 
$ 
s 
60 pcrsnn 
0.00 $/pc11nn-rlay 
110 
I.S 
2.15 
Wulcr Saving 
IJcncfil ($/yr) 
(gal/yr) 
Annuul 
Cupilal C 'nsl ($/yr) 
$ 4,408 
$ 104 
s -
s -
$ -
s s .............................. 
s 4,520 
Bnutl cnnln•l 
llcnclil 
s 165 
O&.M 
C'usl !Siyr) 
s 90 
$ 10 
s -
s -
s -
$ -... ....................... 
s 100 
Hccrcnli111ml 
Jlcndil 
s 
Tnlnl Anmml 
Cnsl ($/yr) 
s -
$ 114 
$ -
s -
$ -
s s .. ...................... 
s 120 
Tnlnl Annuul 
Ilene Iii 
S 16S 
Cud per 
IOOOgullnn~ 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A . ........................ 
s -
11/C Julin 
1.38 
llcnclil per 
IOOOgnllnns 
NIA 
-.j::. 
T~1ble C-17 Totul cost und be11ent summary of nonpotnble water reuse for Scenario 3- Residentlnl (Mixed Potmlntion Density) 
(Option I = lrrigntion uses only} 
Total cost esllmatlbn summary for Scenario 3 - Residential 
Interest rule 7% 
Design life 211 yr 
Annual Water produced 14,671.900 gnl 
Totul Capital 
Criterin of Cost Cost$ 
Collection Cost s 1,382,21111 
Stomge Basin Cost $ 1,499.1911 
Treatment Cost · $ 51,230 
Main Distrihution System $ 1.912.8311 
User's Connection $ 1.2911.0 Ill 
L:mtl Cost s I 3,280 ................. 
Tutu I ('us I $ 6,14K, 7411 
Tolnl bcnent esllnmllcm sunmu•ry fur St·enllrlu J • ltcsldcnllal 
Scenurio population cstimntes 
Recrention henefit unit 
Annualized nood control cost 
Flood controiiJ/C factor 
Armual water saving volume 
Water rule per 1000 gnllons 
$ 
s 
36 Ill person 
3.511 $/person-day 
148,5911 
1.5 
14,671,9!)(1 (gallyr} 
2.15 
Water Saving 
Benefit ($/yrl 
Annual 
C:mitl!l Co~ I {$/vrl 
$ 130.470 
$ 141.513 
$ 4,8J(j 
s I 80,558 
$ 121.768 
$ 1.254 ................ 
$ 5R0,41KI 
Fluml conlml 
llenefil 
O&M 
CosHS!vrl 
$ 2,6 Ill 
$ 7,11811 
$ 12.620 
$ 2,5211 
$ . 
$ . . ............... 
$ 24,K311 
Hecreatiunal 
Ilene fit 
Totnl Annual 
Cost ($/yr) 
• 
$ 148,593 
$ . 17,456 
$ 183.078 
$ 121.768 
s 1,254 
-··············· 
$ 472,150 
Tutnl Annual 
Ilene fit 
Cost per 
IIIIKI l!llllons 
$ 
$ 10.13 
$ 1.19 
$ 12.48 
$ 8.311 
s tl.t19 ................ 
$ :12.1 R 
11/C mtiu 
().(,2 
llenelit per 
II KM I gallons 
s 31,545 $ 222,885 s 37,905 s 292,335 S ICJ.92 
• Annunltotal cost was excluded the collection cost 
_. 
.+;.. 
N 
' 
Table C-18 Total cost and beqefit summary or non110htble wnter reuse ror Scennrio 3- Resident hal (Mixed Potmlntlon Density) 
(Option 2 = Irrigation & toilet Jlushing) 
Total cost estlmatlob summary fur Scenario 3 • Residential 
Interest rate 
Design lire 
Annual Water produced 
Criterju of Cost 
Collection Cost 
Storage Unsin Cost 
Treatment Cost 
Main Distribution System 
User's Connection 
Lund Cost 
Total Cost 
7% 
20 yr 
52,909,670 gal 
Totul Capitul 
Cost$ 
$ 1,382,200 
$ 4,420,230 
$ 368,050 
$ 1,917,820 
$ 1,645,320 
$ 31,820 
$ 9,825,440 
Total benent estimation SUIIllllllry ror Scenario J • ltesldentlal 
Scenario population estimates 
Recreation benefit unit 
Annu:alized llood control cost 
flood control B/C factor 
Arumul water saving volume 
Water rule per )(XXI gallons 
s 
3(, J() person 
3.50 $/person-day 
148,590 
1.5 
52,909,6711 (gal/yr) 
$ 2.15 
Water Saving 
Benefit ($/yr) 
S I 13,756 
• Annual total cost was excluded the collection cost 
Annual 
Cnnitnl Cost {~/yr} 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
130,470 
417,238 
34,741 
I 8fi,li92 
155,307 
J,(XJ4 .................... 
927,451) 
Flood control 
Benefit 
$ 222,!1!15 
O&M 
( :nsl ($/yr} . 
$ 2.610 
s 211.8611 
$ 27,1)6(1 
$ 3,6(,11 
$ . 
s . ................ 
s 54,190 
J{c:cl'cational 
Ilene lit 
$ 37,9115 
Totnl Annu:al 
Cost ($/vr) 
• 
s 438,()1)8 
$ 61,801 
$ 190,352 
$ 155,3117 
$ J,(XJ4 .. ................. 
$ 848,560 
Tuh1l Annual 
Ilene fit 
$ 374,54(, 
Cost per 
J(MMI gallons 
$ 
$ 8.28 
$ 1.17 
$ 3.611 
$ 2.94 
$ 0.(}6 . ................ 
s 16.1)4 
ll/Cmtiu 
0.44 
llem:lit pel' 
IIKKI galhms 
$ 7 .IIR 
-.j::.. 
VJ 
Table C-19 Total cost and benefit S\Jmnmry of nonpotable wale•· reuse for S(·enario 3- Residential (Mixed Po1mlatlon Density) 
(Option 3 = lnigation & Fire righting) 
Total cost estimatioo summary for Scenario 3 • lhsldential 
Interest mtc 
Design life 
Annual Water produced 
Criteria of Cost 
Collection Cost 
Stomge Basin Cost 
Treatment Cost 
Main Distribution System 
User's Connection 
Land Cost 
Total Cost 
$ 
$ 
s 
s 
$ 
s 
s 
7% 
20 yr 
14.671,900 gal 
Total Capital 
Cost$ 
1,382,200 
1.499,190 
51,230 
2,779,720 
1,290,0 I 0 
13,2811 
7,015,630 
Total benefit estimation SUilllllllry for Scenario 3. nesldentlal 
Scenurio popul:llion estimutes 
Recreution benefit unit 
Annualized nom! control cost 
Plood controiii/C fuctor 
Annual water saving volume 
Water rate per HKJO gullons 
s 
3Ci Ill person 
3.511 $/person-day 
148,590 
1.5 
14,Ci71,91Xl {gallyr) 
s 2.15 
Water Saving 
Benefit ($/yr) 
$ 31,545 
• Annual total cost wus excluded the collection cost 
Annual 
Capital Cost ($/yr} 
$ 130,4711 
$ 141.513 
$ 4.R3Ci 
$ 2Ci2.3RCi 
$ 121,7Ci8 
$ 1,254 .................... 
$ (i(i2,2311 
Plood control 
Ilene fit 
s 222,885 
O&M 
Cost ($/vrl 
s 2,Ci Ill 
$ 7.080 
$ 12,Ci21l 
$ 2,520 
$ 
s ················ 
$ 24.R311 
Recreational 
llenefit 
$ 37,905 
Totul Annual 
Cost ($/yr} 
s 
$ 
$ 
$ 
$ 
$ 
• 
148,593 
17,456 
264.906 
121,768 
1,254 
553,9811 
Total Annual 
llenerit 
$ 292,335 
Cost per 
IIXXl gullons 
$ 
$ 10.13 
$ 1.19 
$ 18.06 
$ 8.30 
$ 0.09 ................ 
s 37.76 
IJ/C mtio 
0.53 
llenelit per 
IIXKl gallons 
s )1),92 
.j::. 
.j::. 
Table C-20 Totnl cost mul be!lefit sumnmry of non1Jotnble wntrr •·euse fot· Serna rio 3 • Resldentlnl (Mixed PotJulatlon Density) 
(Option 4 = lrrigution, toilet flushing & Pin: lighting) 
Total cost estimation summary ror Scenario 3 • ltesldentlal 
Interest r.ate 
Design life 
Annual Watter produced 
Criteriu or Cost 
Collection Cost 
Storoge Uasin Cost 
Treutrnent Cost 
Main Distribution System 
User's Connection 
land Cost 
Total Cost 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
7% 
211 yr 
52,9119,670 gul 
Total Capit11l 
Cost$ 
1,382,2110 
4,420,2311 
368,050 
2,836,4411 
1,645,320 
31,8211 
10,684,06() 
Total benent estimation summary ror Scenarlu J • ltesidentlal 
Scenario population estimutes 
Recreution benelit unit 
Annuulized flood control cost 
Flood controiiJ/C factor 
Annu:rl water saving volume 
W:rter nrte per IIXIU gallons 
$ 
$ 
3610 person 
3.511 $/person-duy 
148,5911 
1.5 
52,91JIJ,670 (gallyr) 
2.15 
Water Saving 
Benefit ($/yrl 
$ 113,756 
• Annualtotu1 cost was excluded the collection cost 
Annuul 
f!apitul Cost ($/yrl 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
130.4711 
417,238 
34,741 
267,74(1 
155,3117 
3,CXI4 
I,IXIR,51KI 
Flood conlml 
Benefit 
$ 222,885 
O&M 
Costaml 
$ 2,6111 
$ 211,8(,1) 
$ 27,(160 
$ 3,6611 
$ . 
$ . ................ 
$ 54,190 
ltecrealional 
Bene lit 
$ 37,9115 
Totul Annual 
Cost ($/vrl 
• 
$ 438,1198 
$ 61,8()1 
$ 271,4(10 
$ 155,307 
$ 3,CXI4 
·············-·· 
$ 929,610 
Tutal Anrnml 
Bene lit 
$ 374,54(, 
Cost per 
ICKKII!ullnn:c 
$ 
$ 8.28 
$ 1.17 
$ 5.13 
$ 2.94 
$ U.ll6 . ............... 
s 11.51 
11/C ratio 
0.411 
Benelitper 
II K K I g:lllnn~ 
$ 7.1111 
+>-
Vl 
' 
Tnblc C-21 Total cost nnd bcn~nt sunumtry or non1,otnblc mtter reuse fm· Sc.·c.·m•rlo 3- ltcsldcnthll (Mixed l'oamlntlon llcnslty) 
(<Jrtion S = Fire fighting only) 
Totnl cost estbnallon-cummury rur St-enorfo J • Resldenllad 
lnlcrest ralc 7% 
Design life 20 yr 
Arutual Water produced 0 gal 
Tnllll Capillll 
Criteria or Cost Cnst$ 
Collcx:tinn Cnst $ 1,3112,21XI 
Sturage Ba:dn CriSt $ 1,499,190 
Treatment Cost $ 47,410 
Main Distrihuliou System $ 2,7111,230 
User's CoJUtcx:lion $ . 
Lund Cost s 13,2110 ················ 
'l'ntol Cnst $ 5,660,3111 
Tolnl benent esdnUIIiOII Sllllllllllry rur St't!tlltrfo J - Re!\iclenlhd 
Scemuiu pnpulodnn esthnutes 
Rcx:reatiun henelit unit 
Arutualized flood eontn,l cost 
Rood control RIC factor 
Arutual water saving vnhune 
Water ralc per 1000 gallons 
$ 
$ 
3til II per:mn 
3.50 $/persnn-duy 
1411,593 
1.5 
• (guVyr) 
2.15 
Water Saving 
Benelit C$/yrl 
$ 
• Arunwltullll cost was excluded the collection cost 
Annual 
Capilul Cost ($/vr) 
$ 
$ 
$ 
$ 
$ 
s 
$ 
130,4711 
141,513 
4,475 
25ti,5K2 
. 
1,254 .................... 
534,2911 
Flnnd t.,111trnl 
Jlenclit 
$ 222,RII5 
O&M 
Cnst ($/vr) 
$ 2,(i Ill 
$ 7,0110 
$ . 
$ 2,1170 
$ . 
$ -. .................. 
$ 11,7ti0 
Rccr~:~•tinnal 
ncnclil 
s 37,9115 
'l'utal AIUIUIII 
Cost ($/vr) 
• 
$ 1411,593 
$ 4,475 
$ 2511,1i52 
$ . 
$ 1,254 . ................... 
$ 412,9711 
Tntnl Amuu1l 
Jlenelit 
$ 2@, 7911 
CoslllCr 
1000 ea lions 
N/A 
N/A 
NIA 
N/A 
N/A 
N/A . ................. 
$ . 
llcnclitpcr 
IIXIIIgulluns 
NIA 
~ o-, 
Table C-22 Total cost ;md ben~fit summary of nontJoluble wnter •·ruse for Scemuin 3- Resldentinl (Mixed l,oamhttlcm Density) 
(Optiun li = l~ec:realiun nnd lluud L'lllllml) 
Tubal rust esthnutiun cununnry for Snnnrio J • Reslclenthal 
Interest rule 
De.~ign life 
Annuul Water pnlduced 
Criteria ufCu~t 
Cullec:tiun Cu~t 
Sturuge U•~ln Cust 
Trcutmcnt Cu~t 
Muin Di11trihutiun Sy~tcm 
1Jsc:r'11 Cunnec:tiun 
l..andCust 
Tutul Cost 
$ 
s 
s 
$ 
s 
$ 
$ 
Tutu I Cnpitnl 
Cu~t S 
7% 
20 yr 
o gal 
1,382,2110 
1,499,190 
13,2KII 
2,894,670 
Tubal benefit estlnmtinn ~·ummnry for St-eamrio 3 • lte~iclenthal 
Scenario pupulutinn estimates 
ltccrentinn benefit unit 
AJuaunli7.ed llmld contrnl cnst 
Pintid cnntrnl 0/C factor 
Annu•tl water suving vulume 
WaiL'!" rule per 1000 gallons 
• AJmuultntnl cnst was excluded d1c cnllccdon cnst 
s 
$ 
36 10 pcr~un 
3.50 $/pcrsnn-.tny 
148,590 
1.5 
- (gullyr) 
2.15 
Water Saving 
Benefit ($1yr) 
s 
Annunl 
C••••itnl C:n~l ($/yr) 
$ 130,470 
$ 141,513 
$ -
$ . 
$ . 
$ 1,254 ----------------
$ 273,240 
Flnml cnutrul 
llcuclit 
S 222,KK5 
o.~tt M 
Cn~t ($/yrl 
$ 2,610 
s 7,080 
$ -
$ -
$ -
$ . ----------------
s 9,690 
nccrcntiunnl 
llcndit 
s 37,905 
TutniAnuunl 
Co~t ($/yr) 
• 
$ 148,593 
$ -
$ . 
$ -
s 1,254 ..................... 
$ 149,850 
Tutnl Anmu1l 
llcnclit 
s 2(J(I, 790 
Cu~IJll~r 
ICXIO gnllnmc 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
·····--·-······· 
$ . 
llcncli!Jll'r 
IIXXI gnllnn!l 
N/A 
-~ _. 
Tnble C-2.1 Totnl coslrmd benefit summary of nunpolnhle wnlrr t·euse fm· St·emu·lu 4 • Vnrlnble Zunlng 
(Optinn I = lnigutinn uses nnly) 
Tolal m!>1 e;dmalion !>'tlllllnary for St"enarlo 4 ·Variable 1.mdn.: 
Interest rale 
l>esign life 
Annual Wuter rmduced 
Crileria nf Cost 
Cnllcdiun C'nst 
Stnro1gc llusin Cnst 
Trculmcnl Cnst 
M:rin l>islrihutinn Syslcm 
User's ('nnm:ctinn 
l.und Cnst 
Tntul Cnst 
$ 
$ 
$ 
$ 
$ 
s 
s 
7% 
20 yr 
J07.19H,965 gal 
Tnlul C:rpitul 
Cnsl $ 
12.26J,H50 
12.929.1110 
204.K54 
6.734.160 
J.76K.070 
575.000 
36.475.110 
Tc1lal benefit e;linnelicm sumneary fur St·emtrlo 4 ·Variable 1.onin.: 
Sct·mrrinl'"l'llll:•tinn estim:rtes 
l{ccn·utiun hcndit unit 
Annuali7.cd llnud ''111trul cnst 
llnnd cnnln•l 11/C fi1ctnr 
Anmml \\':lh'r $liVing \'nlnmc 
Wulcr mit• rcr 1000 g:llluns 
s 
s 
6142 1•crsnn 
J.50 $/lll'rsnrHiuy 
1.2111.444 
J.S 
.107.1911.965 fl!ullyrl 
1.60 
W:rtcrS:r\'ing 
llt·nclitt$/yr\ 
S 491.51K 
• Annuultntul ens! w:rs cxchlllcd the Cllllcctinn cnst 
Annu:ll 
C':tllilul C'~ 
s 1.157.621 
s 1,220.423 
s 19.JJ7 
s 6JS,657 
s 355.679 
s 54.276 ---------··----· 
s 3.442,990 
Hnml cnnlrnl 
Ilene lit 
s 1.9:!2,166 
O&M 
C'nst ($/yr) 
s 23,150 
s 61,020 
$ 32,510 
s 11,000 
s . 
$ . ................ 
s 127,680 
llr·crc:>linrml 
llt•nclil 
s 64.491 
'li>lul Annual 
C'nst !Siyrl 
• 
$ 1.2111.443 
$ 51,1147 
$ 646,657 
$ 355.679 
$ 54.276 
·····-········-
s 2,3119,900 
Tnlul Annu:rl 
llcrll'lil 
s 2.4711,175 
Cnsl11er 
I 000 gallnns 
s 
s 4.17 
s 0.17 
s 2.11 
$ 1.16 
$ 0.111 
---············· 
s 7.711 
llll'mtin 
1.04 
llcnc•lit J'l'r 
I 000 gnlluns 
s 11.07 
.~:>. 
~ 
Table C-24 Total cost and benefit summary of nonpotnble water reuse for St=cnnrio 4 ·Variable Zoning 
(Option 2 = Jrri,;ation & toilet llushin,;) 
Total l'USt estimation summary ror Scenarlct 4 • Variable Zonin~ 
Interest rate 
Design life 
Annu:1l Water produced 
Cliteria ni'Cost 
< 'ollectiun ( 'ost 
Stnmge Basin Cost 
Treatment Cost 
Main Distlihutinn Systt:lll 
I lst:r's ( 'onnection 
L:md < 'ust 
Total ( 'ust 
7% 
20 )1' 
372.25(;.200 gal 
Total Capital 
< :ust $ 
$ 12.2f,J,R50 
$ 12.ntJ.I Kll 
$ f•.71JK.J21l 
s r .. 5oK.5Jo 
$ 4.4f•5.J1JO 
$ 575.tKKI 
$ 43.540,270 
Tntnl benefit estimation Sllllllllllry rnr Scenario 4 • Variable Znnin~ 
Scenario population estimates 
Recreation henelit unit 
Annualized llood contnll cost 
Flood control B/(: factor 
Annual wuter savinJ:! volmm: 
Watt:r rate per II XXI !,!nlluns 
$ 
(i 142 pt:rson 
3.50 $/pt:rsun-day 
1.2R 1.444 
1.5 
372.2%.2011 (,;allyl) 
$ J.(,(J 
Watt:r Saving 
llt:nefit ($/yr) 
$ 51J5.(i Ill 
• Annual total cost was c:xclmlt:d the collection cost 
Annual 
Capital Cost ($/yr) 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
1.157.(.21 
1.2211,423 
641.713 
(,J4,351J 
421.501 
54.27(i ..................... 
4.11l'l.R'l1J 
Plnod control 
llt:nt:fit 
$ 1.1J22.1 (,(, 
O&M 
( :ost ($/yr) 
$ 23,150 
$ (i 1.020 
s II R,OJO 
$ 12.RtXI 
$ . 
$ . 
···············-
$ 215,1KXJ 
({c:cn:atitmal 
llt:nt:fil 
$ M.4'JI 
Total Annual 
Cost ($/yr) 
• 
$ 1.2RI,443 
$ 759,743 
$ (i27,151J 
$ 421,501 
$ 54.27(i ········-······· 
$ 3.144.1211 
Total Annual 
Bc:nc:fit 
$ 2,5K2.2r.7 
< :ust per 
IINXI gallons 
s 
$ 3.44 
$ 2.(14 
S l.f•R 
$ 1.13 
s t1.15 
$ R.45 
11/C ratio 
ll.R2 
Bc:nelit pc:r 
II KK I gallons 
$ (,_1)4 
.j::. 
\0 
Tnblt! C-25 Tntul c:ust nnd bt!nt!fil sumnmry nl' nnntmlnblt! wnlt!r rt!ust• l'nr Sct!nnin 4 • Vnrinblc Znnin~ 
(Opliun J = lrriJ:!aliun & Fin: l'i!!hling) 
Tnllll rust rsllrnaticm !IUIIIIIIIIry rur Srrtmrlll 4 • Vatrlublr Znnln~ 
Interest mte 
Design life 
Annual Water produced 
( ~titc:ria nf Cu:11 
Cullc:clinn Cnsl 
Stut~IJ:!C: llasin ( 'usl 
Treatment < ~osl 
Main l>isttihutiun System 
User's Connect iun 
Lund ('ust 
Tut:tl ( ~nsl 
7'~· 
211 yr 
:1117 .IIJR.•Jr.S J:!al 
Tulal ( 'apital 
Cusl $ 
$ 12.2(oJ.R511 
$ 
$ 
$ 
$ 
$ 
12.'J2'J.I Rll 
2t14.R54 
7.lfo7J411 
J.JIJ4.5711 
575.111KI 
$ 3li.5J4.71JII 
Tnhtl btnent rsllnmllnn !o"UIIIIIIIIr)" rur St•rtmrln 4. Vnrhtble Znnin~ 
Scenario populnlion estimates 
Recre:tlimt henelit unit 
Annualized nuod (."tlllltlll cost 
Flood cuntroiii/C faclnr 
Annual wnler suvin!:! vuhnne 
Wuter mle per IIKKI !;!alluns 
li 14 2 persun 
:1.511 $/persnn-day 
$ 1.2R 1.44-J 
1.5 
:1117 .I 'JR.I)(i5 (gal/yr) 
$ l.lill 
Wnter S:l\'ing 
llenefil ($/yrl 
S 4'JI.51 R 
• Annualtolul cost wus exchttled the cnllectinn ens! 
Anmtal 
C:mit:tl Cu:~l ($/yrl 
$ 1,157Jo21 
s 1.2211.423 
$ I'J.JJ7 
$ (o 7li,54li 
s 3211,42:1 
$ 54.27(1 ................ 
s 3.44R.liJII 
flnml cuntml 
Ilene fit 
$ I.IJ22.1 ,,, 
O&M 
Cn:~l ($/yrl 
$ 2:1.1511 
s 61.11211 
$ :12.5111 
$ II,IKKI 
$ 
$ 
$ 127,6KII 
Hecn:alinnal 
Benefit 
$ M.41JI 
Tnhtl Annual 
Cost ($/yrl 
• 
$ 1.281,443 
$ 51.R47 
$ 6R7,54li 
$ 3211.423 
$ 54,276 
s 2,J'J5.541l 
Total Annual 
llenel'it 
$ 2.47H,I75 
< :u:~l per 
IIKKI gnllun!C 
$ 
$ 4.17 
$ 0.17 
$ 2.24 
$ 1.04 
$ 0.18 ................ 
$ 7.RII 
II/(: rat in 
1.113 
Benelil per 
II KK I gallons 
$ R.ll7 
Vo 
0 
Tublc C-26 Totul cost und bcncnt sumnmry or nonpotublc wulcr rcust• fur Sct•nurio 4 - V uriublc Zoning 
(Option 4 =liTigation. toilctllushing & Fire lij!hting) 
Tohtl cost estimation summary for Scenario 4 - Variable Zoning 
Interest rate 7'~· 
Design life 211 yr 
Annual Water produced 372.25t'i.21KJ !!itl 
Total <'a pi tal 
Cti teria nf Cost < 'ust $ 
Collection Cost $ 12.2CI3.H511 
Stumgc Basin Cost $ 12.n9.1RII 
Treatment Cost $ 6. 79H.J211 
Main l>isltihution System $ t'i.525.41111 
User's Connection $ 4.4(•5.3911 
Land <~ost $ 575.tKKJ ................ 
Total < ~ost $ 43.557.1411 
Total benefit estimation summary for St·enario 4- Variable Zoning 
Scenario popul:ttion estimates 
Recreation hcnelit unit 
Annualized llood t.·ontnll t:ust 
Flood control 11/C: factor 
Annual water saving volume 
Wutcr mtc per IOIKigallons 
t'i 142 person 
3.511 $/person-day 
$ 1.2RI.444 
1.5 
372.25t'i.200 (gal/yr) 
$ r.r.o 
Water Savin!! 
llcncfit ($/yr) 
$ 51) 5.(1111 
• Annual total cost was excluded the collection cost 
Annual 
t ~apital_( 'nsillLvrl 
$ 1.157,621 
$ 1.2211.423 
$ 641.713 
$ t'il5.952 
s 421,5111 
$ 54,276 . ............... 
$ 4.111.490 
Flood wntrol 
llenel'it 
$ I.IJ22,1 r.r, 
O&M 
CustJ$/yr} 
$ 23.1511 
s (i 1.11211 
$ II R,IJJII 
$ 12.KIKJ 
$ . 
$ . . ............... 
$ 215.1KKI 
Rct:rcatinnal 
llcnt:lit 
$ (14,41)1 
Total Annual 
Cost ($/yr) 
... 
$ 1,2HI.443 
$ 759.743 
$ 62R.752 
$ 421.501 
$ 54.27(, . ............... 
$ 3,145.7211 
Total Annual 
Ilene fit 
$ 2.5K2.2r.7 
Cost per 
IIKKJ callons 
$ 
$ 3.44 
$ 2.t14 
$ l.t'i9 
$ I.IJ 
$ 11.15 
···········-···· 
$ R.45 
Ill<~ ratio 
II.R2 
Jleuclit per 
IOIKI gullnns 
$ (,,CJ4 
...... 
v,' 
'l'nble C-27 Total c:ost amd benent sununnry of ncmpotnble wntet· t·eusc fnr St·ennrin 4 • V111·htble Znnin.: 
(Option 5 =lire lighting unly) 
Total t·osl estimation 1>1111111111ry fur St'cnarlu 4 ·Variable Zunin~: 
Interest rate 
Uesign tile 
Annual Water prutluced 
Criteria nrc'ust 
C'ullectinn Cust 
Stuml.!e llasin Cust 
Treatment Cust 
M:tin l>istrihutiun System 
User's Cunncctiun 
·J.:utt.l Cnst 
Tutal Cusl 
7% 
20 yr 
0 gal 
Tutal Capital 
Cust $ 
$ 12.263.1!50 
$ 12.9:!9,1KO 
$ 47.410 
$ 7.065,600 
s 
s 575.000 
$ .l2,XK1.040 
Total brnrnt estimation sunnnary fur St·rnariu 4 • Variablr Zcmin~: 
6142 persnn 
Annual 
Capital Cusl ($/yrl 
$ 1.157,621 
s 1.220.423 
$ 4.475 
s 666,94.1 
s 
s 54.276 
$ 3,103,740 
Scen:nin pnpulatinn estimates 
Rccre:ttinn hcnelil unit 
Annu:tli:r.ed ntatd cnntrul cnst 
nnull c:nntrnl B/C litctur 
Annu:tl w:tlcr saving vnlllllll' 
Water rule Jlt'r 1000 galluns 
3.50 S/persun-d:ty 
s 1.2111.444 
1.5 
- I gal/yr) 
s 1.60 
W:tlcr Saving 
Benclitl$/yrJ 
$ 
• Annual tutal cnsl was excluded the cullcctiun cust 
n lllltl CCIIII ru I 
Ilene lit 
$ 1.922.166 
O&M 
Cust ( $/yrl 
s :n.t5o 
s 61,020 
s 
s 2.070 
s 
$ 
S K6,240 
Recrcatiunal 
Ilene lit 
s 64.491 
Tutal Annual 
Cnst ($/yrl 
• 
$ 1.2KI.443 
s 4.475 
s 669,013 
s 
s 54.:!76 
$ 2.009.210 
Tntal Annual 
llcnclit 
s 1,9116,657 
Cnst per 
I 000 gulluns 
s 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
llcnclit Jl"r 
I 000 gullnns 
N/A 
v.· 
tv 
Table C-28 Total cost and benefit summary of nonpotable water reuse for Scenario 4- Variable Zoning 
(Option 6 = Recreation and t1ood control) 
Total cost estimation summary for Scenario 4- Variable Zoning 
Interest rate 
Design life 
Aruma} Water produced 
Criteria of Cost 
Collection Cost 
Storage Basin Cost 
Treatment Cost 
Main Distribution System 
User's C01mection 
Land Cost 
Total Cost 
7% 
Total Capital 
Cost$ 
20 yr 
0 gal 
$ 12,263,850 
$ 12,929,180 
$ 
$ 
$ 
$ 575,000 
$ 25,768,030 
Total benefit estimation summary for Scenario 4- Variable Zoning 
Scenario population estimates 
Recreation benefit unit 
Armualized t1ood control cost 
Flood control B/C factor 
Armual water saving volume 
Water rate per 1000 gallons 
* Armual total cost was excluded the collection cost 
$ 
$ 
6142 person 
3.50 $/person-day 
1,281,444 
1.5 
- (gallyr) 
1.60 
Armual 
Capital Cost ($/yr) 
$ 1,157,621 
$ 1,220,423 
$ 
$ 
$ -
$ 54,276 ................................. 
$ 2,432,320 
Flood control 
Benet1t 
$ 1,922,166 
O&M 
Cost ($/yr) 
$ 23,150 
$ 61,020 
$ 
$ 
$ 
$ ----------------
$ 84,170 
Recreational 
Benet1t 
$ 64,491 
Total Armual 
Cost ($/yr) 
* 
$ 1,281,443 
$ 
$ 
$ 
$ 54,276 
$ 1,335,720 
Total Armual 
Benefit 
$ 1,986,657 
Cost per 
1000 gallons 
$ 
NIA 
N/A 
N/A 
N/A 
N/A 
N!A 
B/C ratio 
1.49 
Benefit per 
1000 gallons 
N/A 
Vl 
w 
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